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PAPERS AND DISCUSSIONS 


pet This panes is not responsible for any statement made or opinion —" 


_in providing for the growth of American’ cities, one of the major problems | 


is that of maintaining an adequate and sanitary water "supply. The rapid 

inerease in population in Cleveland, Ohio, during the’ past two decades has" 

necessitated a careful study of this. particular problem. more than 

% years, the Engineering Division of the Department of Public Utilities has 

& ‘investigated, planned, and | constructed means for providing an ample supply 

Loti While the location « of f Cleveland on Lake Erie permits of an ample supply — call 
wa water for the | city proper as well as for a District 


in several ‘communities outside that “county. the: most pert theme 
do not border 1 upon on the lake and, therefore, it has been necessary to consider 
_ the problem of water supply for Cleveland as one that i in reality inv volved a 


The object of this paper is to describe a part of the development of a 

comprehensive plan for supplying ‘this district with pure water. Although 
- the city had constructed a filtration plant. on the west side of the Cuyahoga 
"River, which went into operation ir in 1918, only about one-half the supply was” 
filtered until the Baldwin Plant was placed in operation i in 1925. The water "F 

= through the city’s intakes in Lake Erie is not as grossly polluted 7 


many of the sources of public water supply of larger cities, but the growing 


cos Norz.—Written discussion on this paper will be closed in August, 1930, Proceedings. — 
.% * Engr. of Water Purification and Sewage Disposal, Dept. of Public Utilities, Cleveland, 


Constr., Div. ‘of Water and Heat, Dept. of Public > Utilities, | Cleveland Water 


 $ Engr. of Constr. and Surveys, Div. of Water and ‘shal ‘city of ‘Cleveland, ‘Cleveland, 


of Dept. of Public Utilities, of Water and Heat, Cleveland, Onio, 


Geb 
= 
. q 
— 
4 
lings, 
not received much consideration until about 1913. The City of Cleveland 
— 
— 
— 


‘BALDWIN FILT TRATION PLANT, CL OHIO [Papers 


population adjacent to the lake in this vicinity and the increased —— 


of sewage directly into the lake have produced conditions that demanded a 


_ efficient purification system for the wend water supply. This paper pro 
a large filtration plant into which has been introduced the 1 most modern 


methods i in the art of water purification and the largest covered concrete 


reservoir in the world. The paper has been subdivided as follows: History 
and Development of ‘the Project; ; General Description of Flow of Water; 

Hydraulic Data; Design; Construction; General Equipment; Completion of 
Baldwin’ ‘Filtration 1 Plant; and of Contracts and Analysis of Costs. 


ao 
_ The southern portion of Lake Erie opposite tl the City | of Cleveland | is t the 
source of supply for all water furnished by the municipality to the city proper, 
its suburbs and neighboring villages, as well as to the more distant parts of 
Cuyahoga County a and a small part of Lake County to the east. Because 1 this 


= is low i in turbidity, averaging about 15 Lapa —— no attempt 


any way, ‘except by chlorination. At that iden, after a more or or less pro- 
ene controversy regarding” the 1 necessity of filterin g the water supply, a 
"decision was reached to start plans for a filtration plant. About the beginning 

of 1918, the Division Filtration Plant, on Division Wen, 
ie, 29th and West 53d Streets, with a capacity of 150000000 gal. per day, was 

~ placed i in service, thus giving a section of the City of Cleveland its first supply 

of filtered water. In general, this plant was capable of supplying only that 

_ part of the city and vicinity lying west of about East 55th Street. The 

the area supplied continued to be furnished with chlorinated 

raw water only. However, before the Division Filtration Plant was completed, 

plans” ‘were under v way for a new plant which, in conjunction with at 

Division Avenue, would be capable supplying the entire city and its. 


lake front, at the foot of East 49th of this location, 


however, indicated that conditions were such as to require pile foundations 
for all structures. area available on which a plant could built was 


| ‘necessitated the u use of a. more or less expensive ‘coffer- on of 
construction. . Because of the difficulties to be overcome at the lake front 


site, the Engineers of the Cleveland Water Department gave consideration 


to the possibility of utilizing some other location. 


— 
became evident about 1907, that the existing Fairmount Reservoir, 
supplying the low-service district, was becoming inadequate for storage 
‘poses. ‘It was also desired to increase the pressure in this service. . Accordingly, 


during: 1908 and 1909, the City purchased land for a “new ‘low service dis- 


tributing reservoir. land was located directly east of Fairmount 


— 
— land. 
siders 
by 
the x 
appro 
on 
appro 
‘ 
— 
Cuya 
filtra’ 
"supp 
‘in th 
weste 
04 
iron 
1” 
| 15 O( 
centr 
thror 
gal. | 
appr 
latin 
basir 
over 
to th 
— 


making ‘possible increased “pressures in the area to be served. 
4 A study of the possibility of utilizing the area the vicinity of Baldwin, 
“Reservoir as another site for the new filtr ation plant was ' given serious thought. : 
Ane estimate of cost . revealed the fact that, with all factors taken into — 
‘sideration, the ‘Baldwin s site was the cheaper. his finding was 


in by an independent commission of engineers, composed of Messrs. J. 


Frazier er, J. : Herron, a1 and Robert Hoffman, Members, ‘Am. Soe. OC. E., in a a 


report dated June 1, 1920. As a result, the Baldwin Filtration Plant with 
a capacity of 1 of 165 000 000 gal. per day, was located on the Baldwin site, slong A 
the north, east, a and south sides of Baldwin Reservoir. This’ location is a 


The area ‘within: which | the Baldwin F F ‘ltration Pl Plant is located 
"approximately 5 50 acres. filtration plant structures occupy approximately 
. Mi acres and the Baldwin Reservoir about 13 acres. Fig. 1 shows the general 
location of the ‘plant ‘and the direction of flow of water. 


territory which City of Cleveland w will | ultimately s supply with 


| water is | a large ‘metropolitan district destined to cover the entire area is 
rs. The t two existi g 


18 aw 


| Cuyahoga County and even to spread beyond its border 
filtration plants, having a total capacity of 315, 000 000 ga . per | ay will 
- supply all needs until about 1930. By that time a third plant v will be required 


in the eastern half of the county, and about ten years later a fourth in the 


GENERAL Desc RIPTION OF Low Or Witwer 


‘The raw water for the Baldwin Filtration Plant i is drawn from Lake . Erie 
‘through a steel and concrete crib about 4 miles s offshore, a and thence through - 
a 9-ft. brick- lined tunnel about 26 000 ft. long to the ‘Kirtland | 
‘Station. From there it is pumped through one lock-bar steel and ‘three cast- — 
iron raw- -water mains, each 48 in. in diameter and about 7 500 ft. long. These 7 


ning 


West 


the four mains combine into two 60- in. lock- bar steel pipe lines, each approximately — 
‘this 15 000 ft. long, leading to Fairmount Reservoir. Bi The water is then lifted | by 7 a 
1, on centrifugal pumps in ‘Fairmount Pumping § Station (see Fig. 1) and is ‘forced "a 
tion, through two 60-in. . cast- -iron - mains, each approximately 2 100 ft. long, up 


tions — the rising well in the chemical house of the filtration plant, to the upper pool — 
was [oof the three hydraulic-j “jump 1 mixing flumes of each flume, 55 000 000 
e of ak _ Passing through these : flumes (Fig. 1), ‘the y ‘water flows through a a channel 


front approximately 124 ft. Jong, containing two pairs of under “over- -bafiles ; 


ation and thence through Gate- ‘House No. 1, into the ‘south conduit of the coagu- -y 

ee lating basins. _ Here it is distributed through two gate- -houses into the four ae 

‘voir, basins themselves. The w water enters the coagulation basins at the south end 

pur- ‘over submerged weirs, travels through them, and | leaves at the > north end over } “ie 7 


weirs, The water then flows through the control , gates s and a veonduit 


Reservoir and extended from Baldwin Road to East Boulevard The new 
large Pare 
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_ BALDWIN FILTRATION PLANT, cuBvELAND, OHIO 


The flow of water divides in the Building, supplying the 
“filters as shown i in Fi ig. 1 From th the filters, it passes through rate controllers — 
effluent galleries or small storage reservoirs. There is one e gallery under 
- enchi group of ten filters. The water flows from each of the galleries to a 
central conduit in the basement of the e Administration Building , whence it 
divides and passes through sluice-gates into either one < or both of the ‘two. 


p Be Water is delivered to these basins by means | of multiple-we -weir flumes along 


north side. 


at the bottom by 1 means of openings ngs in the ‘conduits to 
House No. 7. There, the water distributed by two in. and three 48-j in. 


mains into ‘the low- -service district of the city. Two other 48- -in. ‘mains leading 


from Gate-House No. .% ‘act as the suction mains for the first and second 
high- “service pumps in Fairmount ‘Pumping ‘Station. T The first high- -service 


“district is supplied from this station through two 30-i -in. ‘mains and one 24-in. 


_ “main; and the second high-service district, through one 30-in. rr and = 


wg ne the raw-water mains under full plant capacity, the computed | velocity — 
in the 48-1 -in. mains is 3.3 ft. per sec., and in the 60-in. mains, 4.2 ft. per sec. 
‘With normal operating levels in the coagulation basins, the ‘computed velocity 


in the channel leading from ‘the hydraulic-j -jump mixing - flumes to Gate- House — 
No. 1, varies from 0.76 ft. t to 1.20 ft. per sec., except at the “under and over- 
baffles w where a velocity of 2. 53 ft. per sec. . is reached. the influent conduit 
of the coagulation basins, the computed velocity of the. water is 2.17 ft. per 
sec. and in the effluent conduit, 2. 42 ft. per sec., the latter being also approxi- 7 
“mately” the maximum velocity through any of the sluice- gates. The 
through the coagulation basins is at a computed rate of 2.36 ft. per min. The r 
computed velocity through the settled-water conduits is 2. 37 ft. per sec., and 
~ through: the settled-water p piping leading to the filters, 2.04 ft. . per sec. pase 


— -*Tt will be noted that the computed velocities of flow through | conduits, 


sluice-gates, ete., after the water has passed through the hydr jumps, 4 
than 23 ft. This is the value above which it was not desired to 
os go 0 on account of the possibility of | breaking up the floc; but this velocity is 

ae ‘The computed loss of head through the filter plant, , together with the 2 actual 

s o's losses obtained as the result of a series of observations made when the plant 

i ws a ‘was operating at the nominal rated capacity of 165 000 000 gal. per day with 

water at normal operating level in the coagulation basin, is shown in Table 1. 
amd anateg filter plant was s designed so that it could be operated with the | 
hydraulic” gradient above normal levels in order to take care of 
‘The data and unit stresses in designing the 
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‘uary, 1930. BALDWIN FILTRATION PLANT, CLEVELAND, OHIO 


ERAL ARRANGEMENT OF grebccina | AND DIRECTION OF FLOW OF WATER. | 
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stress in reinforcing steel per 
-Maximum stress in reinforced concrete (pounds per 
square meh, compression). . 


For Baldwin Reservoir and effluent galleries. .. 

For chemical — 

alum storage building. 

For coagulation basins and Fa 

4 Earth pressures were computed by Rankine’ formula. 


_ Live load, as noted for the individual structures. | 


Rarep Capacity OF 165 000 000 Par Daz 


Loss through hy Mixing 
Loss from tail-water of hydraulic jump to Gate-House No. 1 
Loss from Gate-House No. 1 coagulation basins 
from coagulation basins %o filters 1.25 


ne — ead available for filter operation with water at normal operating level needs 


in the Baldwin Reservoir 
Loss fr 


Although it is a direct part of the Baldwin Filtration Plant, ‘the 
control works i in ‘Fairmount Reservoir : are closely connected with the filtration 


aa n, forming as as ; they do, « a most important link in the control of the w water 
_ supply on its way from the lake to the rising well of the chemical house. -— 


= “These works control the inlet and outlet of the water to and from Fairmount . 


a OE (see Fig. 1). ; oa may a noted , each of the 60- in. raw- ‘water 1 mains 


leads to a single inlet gate- -house (No. 8 or No. 10) and each gate- -house, in 


turn, is connected to one of the two basins comprising the reservoir. % _ These two 
gate-! -houses } are cross- -connected | by means ¢ of a 60-in in. pipe line. In conjunction” 
with this cross connection, the operation 1 of the proper valves on the ; raw- Ww vater 


mains permits either of these mains to feed one or both gate- “houses. 


a 
_ through each gate- -house into ) the reservoir is controlled by a 72 by 84- -in. sluice- 


gate. In order to prevent the water from m overflowing into the street, if t the 
sluice- reates in both gate-houses are improperly losed, gate- house is. 
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1930.) BALDWIN FILTRATION PLANT, CL EVELAND, 


provided with an an overflow, which is directly connected to the Baldwin Road 


sewer, and i is capable of taking the flow of one- -half of the he filter plant capacity. re _ 


From each gate- ‘house, a a 2-in., riveted. steel pipe passes through reser-_ 
section the the pipe is entirely surrounded conerete. 


A cut-off wall is also provided which is ¢ connected to a concrete apron on the 


_ slope to pre event water working its way to the outside of the reservoir. The | 

3: of the pipe on the ‘slope and reservoir floor rests in a concrete 


cradle to which it: is anchored. Due to the ‘possibility of damage by ice 


the part of the pipe on ~ slope, —— is made x near the to and bottom, 


approximately to ‘the diagonally opposite: corner. of ‘the reeervoir, 
- three Points of design—the larger end, slowing up the velocity ; 4 the upward | 


- trend, tending to widen vertical distribution ; and the angle, directing the 
water toward the opposite corner from that i in which the outlet gate-house is 
located—a —are incorporated so a as s to assist in a somewhat better distribution of 


rt Each of the. outlet gate- -house structures (Nos. 9 and 11, Fig. 1) has three 

_ water: passageways, 4 ft. 8 in. in width, connecting the reservoir to a central — 

_ well 12 ft. in diameter. _E Each passageway is controlled by a 42 by 124 -in. sluice- 
gate at the central well. . te permit water to be drawn from the reservoir at 
different ' levels, a separate port, opening into each ‘passageway was left i in the 

outside wall of the gate- -house. One o of these was at the of the reser-— 
voir, one at the top, and the third midway between the top and the bottom. to. 

Screens and stop-planks are provided in each of the three passageways. The 


walls of the well and | passageways support an 1 operating floor approximately 


54 ft. above high water in the ‘reservoir. The bottom of the well i is connected, 
by means of an inverted truncated cone, to a shaft 7 ft. in diameter. — 


- latter leads to a tunnel 7 ft. in diameter, the 2 center line of which is some 
"mately 28 ft. below the floor of the reservoir. were 
The foundation of each gate- -house has approximately: 6 ft. 6 in. of r ubble — 


‘concrete topped with 2 ft. of plain concrete. 4 bottom of this foundation 
rests on hard shale and the top is just a little above the reservoir floor. The 


jee passageways and central well are formed by heavily : reinforced concrete 


sections As a protection against ice in the reservoir, all exterior - concrete is 


faced with granite. to a point ay approximately 5 ft. below: the overflow. 


_ The tunnels (Fig. 1) leading from t the outlet gate-h -house shafts converge 
and form o1 one tunnel of the same diameter : ata wye- -intersection. Continuing 


e from this wye, the tunnel extends a distance of approximately 129 ft., where 
it joins a ¥ ft. circular conduit, leading to the header on the suction ¢ of the low- 
pumps in Fairmount Pumping Station. ~The junction between «ach of the 


two vertical shafts and d the is made v with long- eweep radii i in order 

is bored through shale.  CrOss- “section in general, circular 

7 with mw min imum thickness of shell of 12 in. At the the approach to to the wye, 


ly 


Papers 
4 1 
— 
Be an 
= 
‘section of the pipe laying on the reservoir floor slopes upward somewhat and 
é 
—— 
FEET, 
erved. 
0 
‘88 
80 
: 
— 
water 
— 
— 
ction 
water 
Flow 
luice- 
f the 
se is 


the section is made elliptical, 5 ft. 6 in. by 9 ft. , with the ] long vertical, 


in order to reduce to a minimum the width of unsupported roof at the wye 


A 
Proper. Except at the: wye, where the roof becomes flat, the tunnel is composed 


plain concrete. . At the wye, §-in. square steel reinforcing hoops were placed 


on 4-in. centers. aa Provisions were also” made in the shafts and tunnel for 


-_bulkheading in case it were necessary to use air. 


Somes, and is in Fi ig. With the. exception of the u ‘upper stor 


; - the chemical house, all the structures are of reinforced concrete of the beam- 
a 


nd-slab type e with independent column footings. The u upper story consists of — 


brick ‘bearing: walls with steel ‘roof trusses. The ‘remainder of the building 
is of the skeleton type with brick curtain- Basic data 


this unit “(see Fig. 2) may be listed, as follows: 

~ Nominal capacity of the plant, in million gallons daily. in | 
of water surface in the rising well............. : m8. 74 


ne”: a in the channel before the hydraulic j jump oat 


of water surface. . 
Concerning a point at the foot of in the mixing 
Depth of water, in feet 3. 
of water Passages, in feet (three each at 22 ft.)....... 


Tas of head, in feet, between rising ‘aa ‘the foot of 
~ Loss of head, in feet, between the foot of slope i in the mixing chm- j= 
a | and the coagulation | basins. . 
- Distance, in feet, down stream from the top of lope i in 
Ae ___ chambers, to the location of the hydraulic jump. 
Flow- -line elevation in the coagulation basins...... 00 
Gross capacity, in ay 450 
Volume, in cubic feet per tank, to the top of overlion 
Charge of alum n required, in po ,in pounds per tank. . | 
_ Capacity of each tank, 
Alum, i in 5% solution, required for 
om Depth, in feet, of the solution in the tanks....... 


in gallons. 

Maximum volume of water fronted, in million 2 gallons (165 
Alum, in grains per gallon. . 


of bucket hoist, in feet per minute 000 ‘b. 
peed of passenger ele’ elevator, in feet per minute (capacity, 2 500 Ib.). 150 
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Alum storage capacity, in — required to treat 165 000 000 gal. 
daily with 1 grain per gallon: 


Chemical House (30- day supply).. 
a Alum Storage Building (85- ~ supply). 


he 


situated at the general ground level. ‘This total net capacity is s about 350 i 
The w vesterly bin extends the full wile « of the building, and the easterly on one, a 
little less than one-half this distance. They are continuous, with seven hoppers 
in the large bin and three in the small one. The minimum side slope is i 
approximately 45 degrees. The bins | discharge through 12 by 14-in. steel chutes _ ’ 
equipped with single undercut gates, operated with a chain- and- link mechan- 
ism. m. These chutes discharge into a bucket on a small industrial « or transfer 

car that is spotted in a common passageway beneath the bins. The cover over. 

the alum bins forms the floor of the receiving room (see Section D- D, Fig. _ 

In this floor there is one manhole to approximately 90 — of horizontal bin 


Chemical Tanks and Piping. —On the upper of chemical house are 


located ‘the tops of six dissolving and four solution tanks. _ ‘These: are divided _ 


evenly | into two independent groups, each of which is connected with a double 
orifice box unit. - The arrangement is such that the central dissolving = 
in each group is capable of feeding either solution - tank. A system < of piping ~~? 
conveys the solution from the solution tanks to the orifice boxes and from there _ 

* ) the lead-lined distributing trough immediately over - the 1 rising well. Piping» 7 
“is also. provided to convey the solution to a point of secondary application i. 
-Gate-House No. 6 which is in the outlet conduit from ‘the coagulation basins. 

. All chemical p piping is flanged ‘cast iron and all valves are of acid bronze. In 

all cases in which this piping is joined to chemical tanks, special | wall castings, 

no parts of which come in contact with the chemical solution, were ne 
This will permit complete replacement - the chemical lines at any future time 


Hydraulic- Section—The raw water is introduced. to the m mixing- 


‘extends entirely across the width of ihe chemical house. ‘raw 
enters the rising well from two 60-in. “ke 
ps Flowing. from the upper pool, the water r passes through 1 three hydraulie- -jJump 
mixing ‘flumes. . These flumes have expanding sides and sloping bottoms, cot 
are preceded by horizontal throats of constant width | w ith curved entrances. — a 
‘At the - foot of the : slopes, they lead into a 1 converging horizontal flume 

Aig. 2). _ Provisions have been n made in each throat for a double row of i. 
planks in order to cut off the flow of water through the flume, if desired. | : oe 
fumes are housed within a a one- story building; walk-v -ways, 


q located, permit an adequate view of the hydraulic j Jumps. - ae ig 
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February, BALDWIN FILTRATION PLANT, CLEVELAND, 
dust beyond the weir planks for controlling the tail-water depth, the con- 
verging shallow flume is transformed to a conduit section (see Fig. 2). This i is 
accomplished by dropping» the floor about 9 ft. and n narrowing the sides, thus a 
ens a conduit section about 19 ft. wide and 13 ft. deep leading to ¢ Gate- 
House No. 1. This conduit section, which is is about 90 ft. Jong, has a ‘pair. 
In order to present a more pleasing external appearance, the exterior 
malls of of the chemical house were extended through to Gate-House No. ‘So 


and the area between these walls and the conduit 1 was: roofed over at the nd a 


of the ‘top of the conduit. Over this entire area an earth- fill, 2 ft. deep, was 


Parts” the space between the and the exterior 


“utilized for garage, tool- room, and covered passageway. ‘This passageway is 
of complete system, leading from the chemical | house, along the 


basins, to. the filter. building. ‘it is a ‘tunnel in which 


Basis of in the case of passages, , where maximum 
_ water heights are used, the usual live load i is 75 lb. per sq. ft. On the floor 
where the dissolving tanks are located— —owing to the possibility of storing : 
- sack alum—a live load of ae per sq. ft. is used. The floor over the | 


‘alum ‘storage bins i is designed to carry a a motor truck which, when loaded, 


_ Expansion joints, extending down through the foundation, are provided 
at six places in| the chemical house ‘and mixing g flumes. They a are placed 
Where’ pronounced ch: changes are made in the general type of the structure, 
= in imeem dios one or two. other | places, so that in no case is there a 
~The shape and proportions of 
‘the “jump flumes, as "well as the ‘dissolving and solution* 
are based experiments conducted by the Engineers of Cleveland 


The coagulation basins shown in Fig. 1 , extend for a distance | of neatly : 
500 ft. the east of Baldwin Reservoir. ‘Data pertaining to 

Over- all area, in square feet, including conduits and gate-houses 

Area, i in square feet, between weirs inside of basins (108 ft. 71 “4 
& Basins Nos. 2, 3, and 4 (each) 


De th 


GENERAL P 


SECTION B-B 


= 


HEMICAL HOUSE: 


3. 2.—C 


* “Rate of Solution of Sulphate of Alumina,” by J. w. _Ellms, A. a. 
Marshall, Journal, Am. Water Works Assoc., July, 1921. 
+The Hydraulic Jump as a Mixing wire “ty A “Levy and J. W. 
Water Works Assoc., January, 1927. = 


Be md a a4 “y 
— 
<@g 
— 
— - 


of flow through basin, in feet per 
Velocity of water in south ‘conduit, in feet per nie (water sur- | ae ae 

Velocity of water in north conduit, in feet per second (water sur- : reduc 

Maximum velocity of water through ‘sluice-gates Gn feet per 


Elevation of ely 


aT 


third 


Distance, in feet, from floor to crown of arch at the center of the oun hia : 


== ©) t. 4 i in. . to a maximum of 16 ft. 6 in. "The water enters at one ’ 
end of the basin over a weir and under a ‘stilling-baffle and is taken off at the futur 
opposite end over a similar weir. Provisions have been made for by- -passing 
the coagulation basins | through a a conduit: along the west t side of the basins, con- Digan 
necting Gate-Houses Nos. 1 and 6 (see Figs. 1 and 3). - An inlet conduit form- big th 
ing the south wall of the basins furnishes By waterway through which the betw 
water flows to Gate-Houses Nos. 2 and 3 3. The former controls” the flow 
‘Basins: 1 and 2, and the latter to Basins 3 and 4. ‘There i Ly one 60 by 84- in. ia 
-sluice-gate for each basin. The control from basins, , at ‘the outlet end, 
: a is effected. through Gate- House No. 5 for Basins 1 and 2, and through h Gate- secu 
House No. 4 for Basins 3 and 4, ‘the outlet end, there is one 60 by 84- the 
sluice-gate foreach basin, 
The by-pass control of the ‘coagulation basins is effected through Gate- 
Houses Nos. 1. and 6, where the water may be shut off entirely from | the north Rtg 
and south conduits. When the by-pass is in use all the’ water flows iat elu; 
- an 60 by 84-in. sluice-gates in each of the gate- -houses. Under ‘the condition 8 in. 
maximum through these gates of about 33 ft. per rsec. results. 
see _ Each basin is of reinforced concrete construction with groined arch 1 roof, * bars, 
sloping column footings. (See Fi ig. g. 4) 
basi: 


ae 


— 
4 
Length, in feet (each basin).............. lL daily oe -— 
— 
— 
| 
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centers in both The sub-floor butts against the walls and column 
_ bases s. The finished floor rests on a ledge at the walls and at the column 


footings, and all floor joints are filled with ¢ asphalt to sono leakage. The 


sloping floor performs the dual function of facilit ting cleani ing 


Vas 


“reducing the height of t the wall sections. 


dl 


Parabolas Construction Joint. 


Springing Line 
242, 


232.0 


20331 


= 


EI. 233.25 at N.and S. Ends of 
F 1G. BASINS: DETAILS or Wast AND EAST WALL. 


(Fi. 8) _were as rigid structures. Stability was” 


recognition was taken of the possible removal of the earth backing at some 


future time to take care of. adjacent construction, and the ‘conduit w was designed u 
accordingly. . At the by-pass conduit, the usual barrel arch was designed a 
a cantilever, from roof of ‘the conduit. Because of ‘the 


the height of the Ww in In of the ‘north conduit, 


the barrel end all ‘dividing walls “between the 

basins w ere "designed on the basis of an unbalanced thrust. The 
groined arches are tied t together in groups four and reinforced with 

two 4-in. square bars on either side of the — ~All manholes are tied 
securely to the groined arch roof with steel reinforcement extending well into 


the arches, ‘This i is s required in | the case of the 


of the basin, a and thus. permitting x water ‘drains. “The 
columns supporting the roof are of five different lengths, varying from 10 ft. 


is "The a are reinforced with ‘four in. 
bars, with 3-in. round ties spaced 12 in. center to center. Six stiffening walls 7 
“are placed i in each basin, parallel, to the long « axis, and near the center of the = i 


Each coagulation basin is provided with six mud- -valves for and 


draining, These valves permit flow lateral drain immediately 


— 
‘apers, 
00 
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40.5 aS iii 
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under the floor of the basin and | along the Aongitudinal axis. Each drain is 


"water mains placed on the walls of 


= 


fae a Expansion joints are Placed in the coagulation b basin walls at ‘intervals of 
«i approximately | 60 ft., and at the junction of the walls with the gate- -houses, 
7 The water- seal at these joints is made with a 16-in. strip of copper, “approx: 
imately ds in 1. thick. About 7 in. of the strip is embedded in the conerete 


each side of the joint with | the remaining 2 in. formed into the shape of a 
; to provide : for contraction. . To permit expansion, the concrete surfaces at 


if the joint are separated by § in of asphaltic fiber ‘cement. Subsoil drains, : 
4 connected to the were floors of the basins and 


— the outside of the walls, 


of the dividing wall of. the filtered- -w ater reservoir, and the filters extend on 
either side of the building for | a a distance of 391 ft. from this axis. s. (See Figs. : 
ws 1 and 5“ :o ‘The south wall of the fi filters rests on the north w wall of t the reservoir, — 


and p provisions s were made in the design s so that a portion | of the inlet control — 


Administration Building —The Building is a skeleton steel 


. eg works of this 1 reservoir forms the foundation for or a part of the Ad Administration il 
166 by ft. in plan and, approximately, 51 ft. in height from the 
“main floor to the under side of the roof trusses. Below the main floor (Eleva- a 
tion: "244) are a basement an and an intermediate floor. The general offices are 
4 on the main floor, w ith | the sto store - rooms, transformer room, pipe shop, black- 
smith shop, and chlorine room on the floor below (Elevation on 234). . The main — 
piping, carrying the raw and filtered water, is on * lowest or basement floor. 
The floor containing the laboratories, general storeroom, and machine shop, 
7 and the drip floor, located just below the wash-water tanks, are above the main x 
ae “floor, Access is furnished to all these floors by stairs anda freight elevator. 
ae bee The architectural arrangement is such, that an elaborate stone double § 
ey stairway leads to the main entrance to the building (Fig. 5), and advantage 
al was taken of the space under this s stairway for locating the 1 wash-water pu pump- 
room. This r room is 21 ft. 6 in. by 51 ft. 6 in. in plan, and access to it is by * 
means of a tunnel from ‘the basement, of the Administration Building. 
Settled coagulation basins 
through a concrete ‘conduit, 8 ft: wide by 13 ft. 5 in. north ot and 
adjacent to the east wing of the filter (See Fig. 1. ‘This conduit 
terminates in a section, 1 14 ft. 5 in. wide by 13 ft. 5 in. high, just within the f 


Administration Building. - The top of this, section forms: a part of the floor 
at Elevation 234.0. This latter conduit - is connected to the conduit that runs 


"the length of the | pipe galleries, by a short section of double- barreled conduit 
beneath the floor at Elevation 234.0. i Within the | pipe gallery, the conduit af 


s 7 ft. wide by 8 ft. high. h. I In 1 the Administration Building, it is 11 ‘ft. 3 in. 

3 by 5 ‘ft. . high. The within the pipe galleries are connected to 


. 50 ft. f enterto |i 
___To assist in cleaning, 24-in. hose gates spac 
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= 
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Fig. 5.—VIEW OF MAIN ENTRANCE ae ADMINISTRATION AND FILTER BUILDING, BAL WIN Ba 
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that within the . A nistration Building by means ee transition sections. 2. The 


change i in n the conduit dimensions was brought about * the need of conserving 


‘Filtered Water Conduit.— Along the line | 


‘Administration ‘Building and resting upon the basement floor, is a reinforced _ 
concrete conduit for conveying the filtered | water from the effluent tlt 


to the filtered water reservoir. 2 From the end of the conduit nearest the settled F 
water conduit, a 54-in. by-pass is connected to the latter. _ This by- -pass is con- 


| 


‘trolled by two 48-in. valves, which are arranged with a - spacer piece between 
‘them. A 2-in. open drain, in the bottom of the spacer-piece guards against the 


slightest possibility of contamination of the filtered water by the settled water. _ 


filtered- water conduit is connected to the four filtered-water_ effluent 


galleries under the - by 54-1 -in. cast- -iron pipe | controlled by ‘48-1 in. valves. 
At the filtered-water reservoir of the conduit, connection is to the 


inlet, control works of this reservoir. . The control works contain four 60 by 


84-in. sluice-gates, arranged i in pairs, for controlling the flow of water to either aan 


or both of the two basins of the filtered- 1-water reservoir, 


 Piping- —Under that part of the settled. water conduit, which runs 


di. 
the east and west center line of the Administration and Filter t Building g, is s 
30- ‘connected, by a a cross located near the: west t side 0 f the 


vicinity this one on side of it on the 30-i line and one 

on each of the 24- in. and 49-in. lines. 2 This arrangement permits wash-water 

to be furnished either from the tanks or : from the p pumps to the filters in either 

wing of the filter building. A man- -hole and drain are also provided in the 

30-in _wash- water line. In the 24-in. p pump discharge, a Venturi meter is pro- _ 

vided for measuring the flow of wash-water from the pumps. ee 

ie 30-in. cast- ‘iron suction pipe is encased j in conerete, under the floor of = 
basement. It continues: under the floor of the tunnel and connects to the _ 

wash- water pump-r room. This suction pipe is connected to sumps in the floo 

of two of the effluent galleries, each branch being provided with a 30- in. valve. 

Intermediate Floor—The intermediate floor at Elevation 234.0 is located 
at the level of the top « of the settled- water conduit. On this floor are rooms for * aay ‘ 


‘storing and applying chlorine, 2 a transformer room, and p pipe and blacksmith 


shops. All deliveries to the e Administration and I Filter Buildings are | made to i = 
this floor at a 1 doorway beneath ‘the main entrance. . This door i is reached by - x 


— 
i-cireular toadway passing under this entrance. ae 


al space for a freight elevator Sania ‘the west half of this floor. A Across 
from the operators’ room in ‘the southeast corner of the main floor is an « obser- 
ation room, in which is located, open to view, one of the 


veins, which admit t water ‘to Baldwin Reservoir. 


ae 
— 
— 
— 
a 
 &§ 
: 
Ge 
in 
_ 
| 
are located various gauges. Adjoiming this room 1s a dining room 
= 
— — 


ac “al with the sides forming an angle of 45° to the base, was placed at the entrance 
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e 
— 


assembly room. In the n northeast corner of the building is a group of 
‘offices occupied by the superintendent and clerical forces. 
a Laboratory F Floor. —On the laboratory floor at Elevation 258.67, are located 


the laboratories, machine. shop, stock x room, toilets, and locker room. ~The ro rooms 
used for chemical and bacteriological work include two chemical laboratories 


for water analysis, one for coal and oil testing, a preparation room for media, 


7 a bacteriological laboratory, a microscopic room, an incubator room, a refrig- 


‘ — erator room, a a photographic dark room, a library, and _ chemical storage rooms, 
a Wash- “Water Tanks.— -- —The two -wash- “water wake. located on a steel 
grillage in in ‘the upper part of the Administration Building, with the bottom 1 of 
the tanks at Elevation 281. 13, or about 44 ft. above the maximum height of the 
wash- -water troughs i in the filters. These tanks | are of steel plate construction, 
each 60 ft. in diameter and 12 ‘ft. deep, and are intended to operate with a 
ft. ‘of water. At this depth the capacity of the two tanks 
is. 23 or approximately the quantity required for six filter washes, 
“in. cast- -iron pipe leads from the bottom ‘of each tank into a header, which 
discharges into. a ‘49-in., V vertical, pipe line, leading to the basement where 
joins the 30-in. wash- “water line in in the pipe galleries. The pipe from each 


tank i is provided with a 386- “in. valve f for controlling | the flow. A 16- in. cast-iron 


overflow is installed in each tank. . The entrance to this overflow is ‘over a 
piece w ith its weir edge ‘placed 10. 25 ‘ft. above the bette. of ‘the 


tank, In order to reduce the tendency to ‘suck air caused by vortex action 
. ‘under low-water conditions, an inverted steel ‘one 3 ft. 10 in. in 1 diameter and 


+ to each 36-in. outlet. _ The apex of the. cone is set in the plane of the bottom 


of the tank. | In order to facilitate the n maintenance of the » steel tanks and 
a the grillage, as well as to take care of condensation from the tanks, pipe, ete, a 
reinforced « concrete floor with a a proper system of drainage i is placed under the 


at an elevation of approximately 272.0 ft. 
Filter Building — —tThe filters are housed in two wings of the Administration 

F ilter_ Building. (See Fig. 5.) These wings are each approximately 
- 360 ft. long by 130 ft. aie and extend at right angles to the major axis of the © 
Building. Statistics relating to these units are as follows Gr 


Nominal capacity of filter beds, in million gallons» per day... } 
_ Number of filter beds bes 


Clear distance between weirs of the water feet. 
Capacity of wash-water troughs, i in inches of rise ) per minute: “abidd 
_ Probable practical rates of rise, in inches of rise per minute: tint Le soi ti | 
With adjustable weir plates down......... 
water capacity of main gutter, in inches rise per 


-Maximum of flow through settled-water conduits, in a feet 
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“Maximum velocity « of flow through 24-1 settled- in 


Top of. gutter... 


937.5 


Bottom of central gutter (sloped 230. 30. 50 


240.63 


234.83 
232.338 


to 0. 


Uniformity coefficient .. 


Filter gravel, depth of gral 
Size, 1} in. tof in..... 
ea Total depth of gravel, in inches...................0.. ‘ 
Capacity of wash-water pumps, ir in million ‘gallons per day t nail 
Two at 1850 gal. per min.................. a Ee 
Two at 3 450 gal. per min 
Total capacity of four pumps. . 
Capacity of two wash-water tanks ater, 10 ft. deep) ‘each ‘tank, 
Diameter of wash-water tanks, in 
Total weight of one full tank (10 ft. of water), in tons........... 


Average quantity of water required to wash one filter, in gallons p 4 71000 
Each group of ten filters i is upon the roof of an effluent gallery or 
“2 
small ‘filtered- water reservoir ‘into which these filters discharge. The filter” 


“operating fi floor is located at the level of the top of the filters and spans the pipe — 


Filter. Tanks. s—T he filter tanks were designed to be built as Bach 


vunit he has ‘ sand area of 1 450 sq. ‘ft. divided in into two equal areas by a eae 
g gutter. The: outside walls of the tanks are designed : as vertical slabs held ie 


‘the bottom by the tank floor and at the to top by the filter walks, acting as hori- 
 wntal beams and as ties. The walks extend along the top of the four outside 


walls, over the central gutter, and at right angles to center walk. 


Wash- water gutters, running at right angles to the center gutter, are 


- designed | and arranged as shown in Fig. 6. - Longitudinally, the ‘slope of the : 
bottom is lin. in the full length of the > gutter. 3 
‘The strainer | system of the filter tanks is of the perforated-pipe eee ; 
_ type, with the manifold located under the | central axis” of the sand bed in each 

half of ‘the filter. “The manifolds for each half filter. ‘consist of four inde- 


water supply. Each of the 


pendent castings, each having a central source of w 
manifold castings 
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Fig. 6. . In order to wash the dead area over the manifold, brass 


a nozzles 1 were provided, one nozzle e being furnished for approximately 52 sq. in. 


and pi 
ends of 
of sand area over the manifold. . The total area of the holes “in the strainer in plat 
_ system is 0.309% of the area of the sand bed. The area of the holes in ~ filtered 
lateral is 36% of the cross-sectional area of the lateral, and the area of the lat- S Berni 
nN evale fed by one manifold is 71.4% of the cross-sectional area of the manifold. in the 


gallery 


tributi 
Between Weirs| 1 El. 236.5 Maiustable Weir Adjustment columr 
fase] 
= 
girders 
| in 
"Centers 
inthe Bottom ofthe 21° (b) CROSS SECTION THROUGH 
Laterals and are!¥> Dia, OF FILTER BOX 
 @4%C ‘the loa 
6.—GENERAL CRross-SECTION OF ONE- OF A COMPLETED TANK. To 
The strainer system was designed in 1 accordance with the results of experi- each g 
saben by one of the writers,* Ww hich were an extension of those made by Harry across 
NJ enks,+ M. Soe. O. E. ‘The original design contemplated the use of throug 
i connections for the laterals, but, on the basis of bids submitted, it w was preven 
found that a considerable saving could be made by the use of the bell-and- founds 
r 
- spigot joint. To eliminate the possibility of slippage at the lead joint, a <i Pig 
is cast on the lateral | near the closed end. Cast-iron lateral chairs were de- betwee 
signed to be 2 slipped « over the ends of the laterals as far as the 2 collar and then gallery 
to be bolted to the filter tank bottom. ~The manifolds | are practically uniform | same ] 
iia sectional area. They are provided with hand holes" near the end of approx 
each casting and with a 12-in. manhole at the center just over the inlet for. the -wash-v 
Effluent Galleries. —The effluent galleries are four, in number and each is suspen 
“362 ft. 6 in. long. The two north galleries are each 47 ft. 6 in. wide and the entire 
south ‘galleries, 45 ft. 3 in. Ww ide. The distance from the floor to the under side ' Th 
of the roof is 13 ft. 3 in. - The capacity of the four galleries i is about 6 000 000 7 th v 
Each gallery i is ‘provided with two 12-1 -in. drains. ‘These drains emp mately 
into the main drain and each is provided with two valves in series. A 24-1 efluen 
-_ **Design of Perforated Pipe Strainer System,” by J. W. Ellms, M. Am. Soc. C. E., betwee 
Journal, Am. Water Works Assoc., December, 1927. | og the co 


7 ‘An Investigation of the Efficiency of the Pipe ‘Underdrain System in the 
- Washing of Rapid Sand Filters,” by Harry N. Jenks, M. Am. Soc. C. E., , July, 1920. ae ry 


— 
— | 
— 
— 
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flanged access meal was provided in the common anil between the effluent 
and pipe galleries at about the mid-point in the length | of the wall. At ‘a 


ends of the g galleries next to the Administration Building, sight wells, 4 by 5 ft. 

plan, open into the effluent galleries. ‘They permit of the 
filtered water ¢ during operation, and provide means of taking out any of the 
piping in the effluent galleries, » in case such a need should arise. ‘The piping 


in the effluent galleries| in conjunction with the straine r system, acts as the 
collecting system n for the filtered water, conveying it from the filters through 

- the controller in 1 the pipe gallery and then back again into the | open effluent . 
pilleey.” The same system of piping in the effluent galleries serves for the dis- a 


tribution of the wash water during the washing process); a = 


inn The floor of each effluent gallery rests « on ibaa and is designed for a mini- 


ter Box and Central Gutter 


girders we ere provided, those. coming , under the center line of the filters being 


95 in. wide and 52 in. deep. _ The longitudinal walls of the effluent g — 


“vere designed as slabs tied into the floor and roof. ‘The walls at the extreme 


east and west ends were similarly designed, advantage being taken of the 


‘passive resistance of the earth | against the wall. At the Administration Build- 7 


‘ing, due to the lack of - passive earth resistance to counteract the load trans- 


mitted by the wall to the roof, and to the existence of an 1 expansion joint 


73 ft. from the wale special reinforcement was. designed for the roof to transfer 


To provide for temperature changes, expansion. joints wee placed ft. 


joints are located immediately below the dividing plane between 
each group of two ‘filters. expansion joints extend from north to south | 
across the entire building and from the roof of the effluent galleries down 
through the foundations. ma _ Copper - plates were used at all expansion joints to 
qrevent leakage of water. These plates were carried from the bottom of the | 
foundations to the top of the filter tanks. 
Pipe Gallery —The pipe galleries occupy that space in filter building 
tibivioen: the two rows of filter tanks, and extend from the level of the effluent ~ 
gallery floor to” the operating floor. There are tw two galleries, each having | the 
same length as the effluent galleries. The pipe galleries| are 27 ft. wide and 
approximately 28 ft. high. In these galleries a are the settled water conduit and 
wash-water pipe, with connecting piping for each - individual filter, and the 
filter rate controllers. ‘An 8-in. _water-pressure line and a | steam-heating line 
suspended from and approximately 3 ft. below the | operating» floor, run the 
entire length of the two pipe galleries and across the Administration Building. 
‘The whter is of reinforced concrete, rectangular in section, 
1 ft. wide and 8 ft. high. dt is supported by concrete columns spaced approxi- — 
mately 9 ft. ‘apart. . Expansion joints are placed nearly opposite those in ie 


efluent galleries and 71 ft. apart. All expansion joints are located midway — a 
Z 


on this To transfer the loads to the columns beams and 


t Fil 


i 
between columns, the conduit accordingly acting as a cantilever. The top of 
the conduit is at 0, and Serves as a ‘long the entire 
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7 length 0 of the p pipe g pe gallery. - This walkway is easily accessible from the floor 
. = in the Administration Building at Elevation 234.0, the top of the transi- 

_ tion section of the conduit at the entrance to” each gallery serving as a ramp. ai providec 
es ‘The main drain is a rectangular ¢ concrete conduit, the top of which is disks in 
-Teinforced and serves as a part of the pipe gallery floor. conduit is slides, 

designed to have the sides bear directly against shale. Tt is 5 ft. wide and 

3 the shallowest section, 5 ft. deep. ‘The bottom has a slope of 0.00251. ft. disks co 

; ft. two filters at ‘the same t time, there is a slight upward position 

part of the drain roof. _ Because of this fact the floor drainage “ Spec 

from the pipe gallery is not ‘designed: to discharge into the main drain, but 

to en empty into a 12-in. cast- ‘iron sub- drain. This ‘sub- drain i is laid with open 
consists 
‘joints, in crushed stone, under | the bottom a the main drain, and discharges 
into it at @ point « on the slope beyond the filter building, where there is no ae fi 

danger of water backing into the pipe gallery. ona fol 

re The pipe gallery floor is 10 in. thick and rests on the shale. It is of plain | adi 

“concrete, and slopes 3 in. in ‘about 11 ft. from the effluent g gallery w walls toward a . 

the: top of the main drain. A vertical drop « of 3 in. is made at the junction . 

of the pipe- “gallery floor r proper with the top of the main drain, thus | forming: supplies 

+ distinct drainage channel along the longitudinal center of the pipe gallery. conside 

ta ‘This ¢ channel discharges into the floor drain sumps, spaced 140 ft. apart. ‘The ag : 
invert o of the. drainage channel slopes 3 i in. in | 70 ft. toward these sumps. These me, 

sumps- are connected by 6-i -in. cast-iron pipe to the 12-in. -cast- iron -sub- 
wash-water pipe line is a 30-in. cast-iron bell-and-spigot main, iy 

under the settled- water conduit, and supported on concrete beams ‘Spanning Ope 
between ‘the « columns supporting this conduit. At ‘the west end of the pipe: faci 

gallery, the wash- -water pipe line is is connected t to a 24-1 ‘in. service supply mé main J a 

and this furnishes an additional or emergency source of wash- -water supply. 
= _ sis The control of this supply ‘of wash water is s by means of an altitude valve. ; the ind 
qt . at this valve fails to close w when the wash- -water tanks are full, the supply | is ‘Water ( 
closed by an electrically operated gate-valve between the valve and i of 
the wash-\ -water tanks his emergency valve may be controlled by f floats i sin the the To 

wash-water tanks « or by a push- button switch. may also be operated long a1 

ally by means of a hand wheel. . Just outside the building, in a valve vault -dividin 

is a 2 24-i in. pressure- regulating valve, a 24-in. check valve, and an 8- in. ail fol 


a emergency ‘eonnection to a higher pressure water supply main. — ‘The pressure- 


“regulating | valve is used to reduce the pressure in the service main to that 
- required in the wash-water system. | The 24-i in. check valve was required to 


opening 
floor 


| 


prevent the water from the 8. in. emergency connection from backing 
‘The system of 7 piping ‘at each filter consists of a 24-in . influent line ome origing 
. - trolled by a valve of the same size, a 24-in in. . effluent line containing a filter rate The o 
controller and a (24-in. valve, § a 24-in. -wash- -water line controlled by a valve excava 
of the same ‘size, a 30- in. drain line with a a 30- in. valve, and an 8-in. filtered- : City o 
water waste line and valve. _All the valves are of the double- ‘disk, parallel- -seat BB reserve 

type, and all are hydraulically operated except the hand-operated 8-in. filtered- that tk 
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‘ os valves, 24 in. and larger, where placed horizontally on their sides, are 


provided with rollers and scrapers. The 30-in. drain valves which have their 


disks in a horisontal provided with special mounted 


in order to prevent the wearing g of the gate and seat rings. Just before the , 7 


disks come to a stop, the tracks ‘slope to permit them to drop into a closing 


position before the wedging mechanism m operates. i> 


4 Special precautions were taken to prevent the scouring of the brass lining —> 
by 3 iron rust in the hydraulic valve cylinders. The cast- iron piston, which 4 
‘consists of two rings with a spacer, is provided with cup leathers, and is 

secured to the s stem with bronze lock nuts. _ The circumference and u upper and 
lower faces of the spacer or piston head, “not in contact with the | cup | leather 
and followers, are covered with a a brass facing, forced into place and securely 
to the sp spacer. 
= ‘The 8-1 in. pressure | line ‘running longitudinally through the pipe ‘galleries, 

supplies water for operating the hydraulic valves. — To avoid shutting down a 
considerable number of filter units due to a break in this line, it is fed from 
either end, and valves are ‘placed at the quarter- points. - At each ¢ end of the | 

line, pressure- -regulating valves are provided to reduce the pressure to that 
required for operating the hydraulic valves. _ The waste dent all the —_ 

valves of each filter is ead ae to the central gutter of the particular filter to 


hi Operating F. loor. —The he oper ating floor ; is at the same elevation as the to} 

of the filter tanks. Iti is of reinforced concrete, 7 in. thick, with quarry tile 
surfacing. It is supported ‘on columns resting on the outer walls of the 
settled-water conduit, and at the filters on ledges constructed as a part of 
the indiv idnal filter tonke. Access from this floor to the top of the settled- 
water conduit as v well as to the floor of the ‘pipe gallery is provided « 

ends | of the pipe galleries by reinforced concrete stair: sialic eile 

provide light and air in the pipe galleries, “openings: ft. wide by ft. 


long are located in the ‘operating floor. _ These openings are centered on the = 
dividing line between adjacent pairs of filter tanks. An ornamental iron 
“rail follows the outline of the openings in the floor and ‘Continues, between 
“openings, : along the edge of the filter tanks. ‘ Easy a access from the operating : 


Flee to the walks over the filter tanks is provided by means of gate 


} 


eneral 


“original design on a “130 000 000- reservoir. 
excavation was about | t three- fourths completed when it was decided by the a 
City of Cleveland to construct : a filtration plant immediately adjacent to the 
reservoir, using it as the  clear-v -water basin for this plant. - Due to the fact © 


that the excavation was so far - advanced, ‘the elevation of the bottom as well a= 4 
as the slope of the: floor ond the area to occupied by the reservoir was 
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“BALDWIN F FILTRATION PLANT, CLEVELAND, OHIO 
‘me Baldwin Reservoir, as constructed, is about 1 035 - by 550 ft. in plan, and 
40 ft. from the floor to the crown of the groined arch roof. _ The reservoir 
is divided into two basins of ‘equal ‘size. The maxinium depth « of water is 
86. 5 ft. in each basin, and the two basins have a total capacity of 185 000 000 
al. In penne were 1 196 columns, the dimensions of which are shown 


Assumed for the actual design of the various 
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20'-33 T ft. 8 

‘excavat 


2 made i 

Foor, CoLuMNs, AND ROOF. placed 

" Blase ety assumed for desi sign before the completion of the reservoir, No stee 

+ ppt att’ nl —That the outside walls would be constructed and the back-fill placed column 


against them before the roof arches were built, depart 
po —That the outside walls would be constructed "this roof. arches 

ie any back-filling was” placed against ‘the walls or on 
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hat would be completed back- fill 


ee placed against the walls, or on the roof, and that either or both 
onditions | assumed for design after the completion of 


c would be a uniform fies load of 100 lb. per sq. “ft; 

there would be no water in either basin. 

Boot 5.—That the same conditions would exist as are — for Condition S 
xcept that either or both basins would be full of water. 


‘ ~ In order to provide flexibility in operation and insure circulation of filtered 


water within 1 the reservoir and also to detect leakage, it was assumed : Frey 


That water would be delivered to either « or : both binisdiaa' of” the reser- 
voir from the City’ s distribution mains prior to the ‘the completion 

—That water would be delivered to either or both basins of the -rese 

tia: 
filtered water would be delivered to any or all of the distribu 


 tawiraad purpose of cleaning or inspecting it and without disturbing the ~ 


operation of the other basin. | 


In addition to the special features of | design previously mentioned, careful | - 
consideration was give en to cere, of the filtered pay: through each aprgel 


walls and to ample « overflow ca 


columns and stiffening walls were made separate from both the sub-floor and ~ 


the finished floor. The sizes of, the column footings: were varied to suit the 
conditions of the shale, the smallest being» 53 ft. square, and the largest, 
T ft. square. In In order to prevent the shale from disintegrating, and | also to 
insure a uniform thickness" for the finished floor, sub- floor, having 
hinimum thickness ¢ of 3 in., was placed upon the s shale immediately after the 
‘excavation was completed. No provision for expansion or contraction was 


‘joints consist of strips of filler, 5 and in. 
placed at the bottom of the joints, , the u upper 4 i in. being filled with hot asphalt. 


No steel was used in the finished floor except over the drains. 


 Columns—In designing the connection between the tops of the round a 
columns and the bottoms of the groined arches” at their springing lines, a 


departure was made from usual | engineering Practice, in that the 2 ft. 6-in. 


round columns were flared out to a2 ft. 6-1 -in. square, which is the size of the 
gn ined arches: at their | springing lines. ratio of length of | column to 
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BALDWIN FILTRATION PLANT, CLEVELAND, oH10 
iameter is 18.7 and the ratio of length of column effective 
‘The load of ‘each column is 184.000 Ib., and the 
Weight of each column is about 27 000 lb., making a total load of about 
911 000 Ib. on each column. 1 footing. Each column is reinforced with ten 
+ ‘in. , square twisted bars, placed 2 2 in. from the surface of the concrete. | These 
are tied together with 8-in. round 1 hoops, ‘spaced 1 ft. on centers. 
Arch Roof. —Owing ng to the unusual depth - -of the reservoir, ni neces- 
-sitating very long columns ra. supporting the roof, considerable throught 
wa as given to the most economical type of roof construction. Me Studies were 
made of several types of flat-slab design as well as of ‘groined arches of 
_ These various “designs were carefully compared as to 
- cost, which led to the ‘decision to use a groined arch roof with dimensions 
a shown in Fig. 4. ~The average t thickness | of concrete in the r roof above wins 
springing line of the groined arches is in. 
The method of calculating the he stresses in the groined arches was based sail 
the | hypothesis « of least crown thrust, as most generally used i in theories of the 
voussoir arch. The total load on each arch was assumed as | acting | 
_ vertical planes. passed through the groins formed 1 by the intersection of two 
adjacent arches, these planes intersecting at the center line of columns. 
‘The line of thrust at the crown of the groined arches was assumed as 
acting g through the upper third point. With this condition assumed, the least 
crown thrust to hold the groined arch in. equilibrium under a maximum load 
: ve of 2 ft. of fill and a live load of 100 Ib. per sq. ft, produced a maximum com- 
o " pression: of abou ut 225 Ib. per sq. in. in the concrete at a section about 6 ft. 
: from the crown. _ The line of thrust at | this point passes through the lower | 
“third point. The ms maximum shear is about 48 Ib. per sq. in. ‘under ‘the same 
condition of loading. upward pressure of water did not affect the 
maximum compression in the arches, as this occurred at a point above the 
water level; but the maximum shear was slightly reduced. 
cos __ Another feature i in connection with the design of the roof to which special 


attention is called is the location of the stiffening walls (Fig. 8), which w were 


— 


- me provided to take the arch thrust in case of failure of a part of the roof. The 


oy two basins of the reservoir are each 2 approximately 500 ft . by 500 ft. and the 
= two lines of stiffening walls in each basin divide the roof areas into approxi- 
mately | 250- ft. squares. The location of the stiffening walls not interfere 
4 in in any way’ with the circulation of the water across the basins. Their founda- 
tions and the two adjacent column foundations were designed to be poured 
a ‘monolithically, as were also the stiffening walls and the two adjacent columns. 
3 Four 3-in. square bars were placed in the crowns of the arches, and sections 
containing ‘not less than four groined arches were tied together by this steel. 
Construction joints in the roof were always” placed at the crown, midway 
“between columns. In order to prevent surface water from entering the reser- 
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that the least crown thrust was equal to or less than 
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FILTRATION PLANT, CLEVELAND, oHIO er 
groined ied arch. In designing the c connection between the barrel arches and the 
walls , a departure wa was made from ‘the usual engineering practice, in that 
a. the barrel arches | were supported o on a seat built in the tops of the walls, ‘the b 


of the seat being carried to a point 3 in. above the maximum elevation. 


the joint the barrel and the wall. 


The maximum compression in the concrete of the barrel 
"with fill to a depth of 2 ft. at the crown and with a live load « of 100 Ib. per 


sq. ft., is about 130 ) Ib. per s sq. in. at the crown, at t which point the line of thrust 


is at the up pper third of the section. _ The x maximum shear 


q = as these occurred at points above the water level. 
: _ Walls. pte designing th the walls on the east, north, and greater part of the 
west t sides of the reservoir, t , the fact that the backs of the walls would be placed 


‘against the rock was taken into consideration. This, howev yer, was not true 


‘Sane. of the south wall, nor of a small part of the west wall. % Fig. 9 shows the out- | 
> |e lines of the various walls, as well a as the resultant ee under iain 


ui = Con dition 1 actually occurred during construction ; ; Conditions 2 and 3 did 


not , occur. tn each case, the coefficient ¢ of friction given in Fig. 9 is that which 
would be necessary to prevent the wall from ‘sliding under the conditions 
— noted. Under Condition 1 the wall was considered as built to Elevation 229.25 


and back- ‘filled to the top. | For + Condition § 2, the walls and the roof were con- 
sidered built, but without back- fill, or on the roof. Condition 3 the 
- a walls and roof are constructed and there is water in the basin (or basins) to 


225.0. in Condition 2, no f filling has been done. Under Con- bitten; i 
ii 


dition 4, the walls and ‘roof are assumed to be built, all back-fill and the fill on ih 
the roof have been placed, and there is no water in the reservoir. Condition 5 inition 3 
es is similar to Condition 4 except that water in the basin (or basins) is a assumed 2 
- she to have reached Elevation 229. 0. For the last two conditions, a live load of § 


ne; a. - Vertical expansion joints were placed in the walls 81 ft. 2 2 in . apart, a and 
a strips of copper, ve in. thick, bent in the form of Z-bars, were placed at each 


vertical joi joint to act as a water- seal. In order to protect the copper strips : 
|| 


during the placing and spading of the concrete, strips prepared asphalt 
: - filler were placed against them. 1 The concrete sw surface of the walls at the 


“expansion joints were also covered with a water- proof compound consisting of = 
asphalt and asbestos, this compound being placed on the walls about 3 in. thick : 


by a trowel. shows the details of these vertical expansion joints. 


Pree ‘The water is conveyed into the r reservoir by two flumes along the north ; 
as wall and discharged over fixed weirs, 18 ft. long, which are spaced 40 ft. 7 in. 


center ‘to to these others, 15 ft. 


‘on the of the basins. openings are ‘spaced 10 it. 
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basin is. built within the w est basin and adjacent te ‘the south and west w valls. 


conduits. 7 The bottoms of these openings woe placed at the floor line in the 
west “7 — 2 ft. above it it in the east asin 


water each opening from. ‘the ‘yeservoir, to the 


ing 


oofin 


Waterpr 


Fie. .—SUGGESTION FOR PLACING VERTICAL 


’ AT EXPANSION JOINTS ON FACE OF 


The most economical design for t the south —— fixed the top of 


base 2 ft. above the floor level. In the east basin, the openings 


of the reservoir convey the w water to Gate- House No. conduit from 


the east basin i is built in the south and west walls, and. the west 


He the within. the walls. ‘The: conduits along the south 


° a Outlet Gate- House No. 7 ”.—The conduits from the east and west basins of y 


reservoir lead to the outlet —Gate- -House No. 7. Here, each conduit is 


nected to a separate concrete wet-we ell. _ These wet- wells are cross- connected 
by a 60-in. pipe line, to permit . equalization of water in the two basins of the 


reservo oir. gate-valve is placed in this cross-connection. 


i The two wet- wells are ‘directly connected to the distribution system of the 
Sane city by three 48-in. and two 36-in. cast-iron pipes. -Gate- valves are placed | on 
each ] pipe line, and by means of these valves it is possible to deliver water 
from either or both basins to ‘any of the distribution mains. 48-1 “in. cast- 
iron suction mains” are also directly connected to the conduits previously 


mentioned. _ These suction mains supply ‘the first a ind second high- service | 


is 5 ‘also. ‘possible, through the gate- drain either basin, i in order 
to ‘dienes inspect it and not interfere with the ‘delivery of water to the | city 
diate in the gate- which are 
s.—In the drains walls and floor, two 
jects | were in a view: (1) To prevent an accumulation of water under pressure On 
benent the floor and excessive accumulation of ° water back of the walls; and 
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hag or or ground: -water ‘might nt produce an upward t thrust 0 on floor when 


the walls at the bottom, at pron 211, 0. 
All these drains, except parts of the | one at Elevation 211.0 lead to Gate- 
House No. where they discharge into a sump. Each drain is properly 
‘marked in the gate-house, so that it would be possible to determine the ap- 
San location of any leakage or accumulation | of water behind the walls. 
Particular attention is called to the detail in connection with the outside — 
tl ‘These drains: are placed 
the and a: are e all cast- -iron 1 bell- -pigot pipe with leaded joints. 
At va varying intervals (not : more than about 80 ft.) pockets, filled with broken 
stone, are provided i in the rock backing of of the a the drains are 
connected to them by short | pieces of cast-iron pipe. sal 
en ee is provided with an overflow and a 
onnected to the 30-in. cast- iron pipe drain which leads © to p ema Res- 
oir. The sump connections are for the purpose of emptying the basins 
all water that cannot bi be he drains” connected to the 
Ventilation —In order to provide ventil ‘tion for > reservoir, 
24 in. . four 36- in., and two 48-in., 1. ventilating manholes were placed in the 
roof. Those along the north side were placed | over the weirs: of the flume 
through which the water flows from the filtration plant. 
Fill on Roof— —The concrete roof is covered 1 with a lay er of thoroughly 


clay puddle, 6 i in. thick at crowns of the 


This, in turn, is covered with 1 ft. of sub- soil and 6 in. of top- soil. The 
entire top of the reservoir will be seeded with grass. 3 emul the Tae. 
‘slopes from the north and south sides ward center wa nece: 


“Alum Storage Building 


concrete and is 51 ft. by 87 ft. in plan and 43 ft. high. - The storage eapacity 


In the building are four reinforced | COL ore ste bins supported on columns 


1). 


depth. of the bins is 17 ft. 6 in. "The hopper sides have of 50° with 
horizontal. The bins extend across the building, and a common dividing 


all separates one bin from another. The entire area under the bins 
> 4 
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sland Short Line Railroad, about 4 18 Tocated on a switch of the Cleve-_ 
ort Line Railroad, about 4 mile west of the Bald 
Plant and adjacent to the new Fairmount Pumping Station. 
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for the different parts the work. construction opera- 
be “described in the in which they were done. 


‘Baldwin Reser ir 


In the of 15, City, by direct, labor, began preliminary 


work by stripping the top- -soil from the site of a proposed. 130 000- gal. 
reservoir. On or 
tion of this reservoir. The contractor. had three- fourths 
of the work when he encountered financial difficulties and, as” result, sus- 
pended | operations in n July, 1918. All the e excavation remaining to be done 


was in n solid. rock and, in consequence, the City entered into a! “eost- plus” 
agreement with a quarrying company to complete the work. Excavation — 


was resumed i in the winter of 1918-19, and completed i in 1920, except for final | 
period covered by the excavation work, the location: ae the 


mroposed second filtration Lengha in the Historical Section, had 

chased | on either side of the reservoir, , and this extended the a: area of = 
owned land to the streets surrounding the site. 


Bids w were received and a contract for the construction of the edie 
We 


was centered into on May 27, 1921; ; but objection was, taken to this award as 
and was annulled by the Courts. The work re-advertised, bids 


received again, and the contract w was awarded ‘ed low bidder on November _ 
ow hile the ¢ contractor was asse 


feat trimming within the reservoir, the ‘final for 
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footings. to the disintegration of the shale on exposure to | air, it 


i) 

“necessary to leay trimming of all excavation until just prior to 

= the erection and of the central concrete  mnixing — 


mixing within the 1 reservoir near the south wall. 
mixed at this plant was hoisted to the top of a steel tower and distributed — 


by chutes. By this means concreting of the south wall was obidiitvemionil “ii in 


i After the completion ¢ of the central - mixing plant dad the ‘enblewey, the 
temporary mixing plant was dismantled. After this, all concrete was ‘mixed oe 
at the central mixing plant, and - distributed by the movable cableway. The 


cable. spanned the ‘work in a north and south direction and was capable of 
movement in an east and west direction over the entire length of the reser-— 


KY 


‘Voir, Work on the floor, column foundations, and ‘columns, and on “the 


groined arch roof, was sta rted along the east wall and progressed toward pie 


PLAN AT 


was continued night and day during 1922, winter weather 


operations At this: tims the entire roof of the east 


pono «92333 
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basin had been completed and a good start had been made on that of the 
west basin. Conereting was resumed in the following ‘April, and the entire 
fy gnu for the ¢ completion ‘of the rough grading, was completed in the 
summer of 1923. . Fig. 12 is a view of the construction work and Fig. 

shows an interior view of the completed structure. 


Constr uetion Plant 


4 


~The 15-ton cableway_ was operations of carri age, “lift 
hook, and both towers con controlled by one operator: on the head tower. 
‘The main cableway_ hoist motor was an induction motor (440- volt, 300- hp, 
at 950 rev. per min.). The motors for ‘moving the head and tail- towers | 
longitudinally along the tracks were considerably smaller -volt, 75- 
1150 rev. per r min.). The main cable was 24 in. in diameter. The head 
and tail- towers were of wood construction, 85 ft. high, and all timbers | were | 
of full length without splices, The cableway towers ‘traveled on standard 
freight-< -car wheels and axles. ‘The track was “composed of five 100-lb. rails 
and with a distance between the first and fifth rails of 40 ‘ft. 2 in. ‘Thee cable- ‘i 
‘was cape capable of handling T-cu yd., bottom- -dump, « concrete 
Central Concrete Mixing Plant.— —The concrete mixing plant (see Fig. 14) 
was 30. ft. by 63 ft. in . plan and 55 ft. . high. It was of wood construction, — 
except that the beams supporting the overhead material bins were of steel. 
The coarse and fine aggregate was delivered to the mixing plant in hopper- 

bottom cars « of standard gauge, which were dumped from a material trestle, 
250 ft. long and 22 ‘ft. high. f The material was lifted from the receiving hop- 
‘pers beneath the trestle to above the batch- -measuring he hoppers 
three bucket elevators, 90 ft. _ long. _ The buckets | were mounted on a 15-i “in. in. 
belt. Each elevator had a ca of 75 hour. Two o of ‘the bucket 
‘elevators were used for conveying stone and one for pine Each elevator, 
together with its feeder conveyor, was driven by a p. motor. 
a Cement was delivered in sacks in cars on a track : ending a at ley east side 
of the mixer building. This tr track was located at such an elevation that the 
"floor of the cement cars was on a level with the operating and cement stor- or 


age floor the mixer building. Platforms were provided along both sides 


7 a of the cement tracks SO that the cement could be moved by warehouse t trucks | 


directly from the « car to the mixers or to storage. cite 

_ The two -hopper- -bottomed overhead stone had a capacity of about: 

- four cars each, and the one » similar bin for sand had a capacity of about six 

cars. The sand bin was” located between the two stone bins. Concrete was 
mixed in two 1- yd. mixers, driven by 30- )-h.p. motors. s. Material was drawn 
by gravity from. the bins directly into” bottom- dumping steel "measuring 

boxes. Water was: supplied from measuring barrels, equipped with gauge 

raged glasses. Each set of measuring | boxes discharged into a steel receiving hop- 

per, which, in turn, emptied ; into the body of the mixing drum. Cement» was 


dumped from bags through a a grating in the floor of the storage room directly 


re “a into this ‘receiving hopper. As a result of this arrangement, the sand, stone, 


and a measured quantity water were supplied to the 


Februar 
4 
— 
« 
— im 
“Mr 
7 
— 
— 
— 
— 
— 
= 
— 
— ee 
ALP 


February, | BALDWIN FILTRATION PLANT, CLEVELAND, OHIO. 


rails 
able- 

14) 
‘tion, 


steel. 


oa 
BE 
1 On 
FF 
or 
So 

@Q 

Bea 
we 
Say 


>. 


ho 


was th 


Ss 
= 


- — BALDWIN 


Contractor's City Owned Tracks 


| Bumper 


ll 


panels 
largest 
groine 

colum: 
ber, n: 


3 7? 
toms, 
— 


February, 1930. 0 BALDWIN FILTRATION PLANT, CLEVEL AND, OHIO 


mixer simultaneously. The mixers into ‘a common conical | 


- steel hopper with a capacity of about 9 cu. yd. A slide-s gate at the wit 


of this hopper permitted the 


concrete be discharged into the 


cor 


Placing Concrete. —The concrete was poured from 7-yd. buckets. After 
the buckets were filled aed were transported on flat cars running on narrow- fe 3 
gauge (36- in.) tracks. Locomotives hauled the loaded cars. to a position 
under the cableway, which had been previously moved so as to ‘span ¢ over ‘the 
form to be 1 filled with concrete. . An emptied bucket, hanging on the cable- 


a hook, was s placed on an empty flat car, and the full bucket of concrete ; 


was” being along the cable, the empty was ‘its 
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Contractor's City Owned Tracks 
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Fic. —COAGULATION BASINS AND FILTERS, CONSTRUCTION PLANT Layout. 


Forms for Concrete. —Considerable study given to 

f forms, in order to keep costs as low as possible. Practically all forms were 
made in “separate panels so as to permit their use ‘many times. Wall- form — 
panels were made of various | sizes, depending « on m their intended use. The 
largest single panels 1 were about 20 ft. high and 45 ft. long. Forms for the 
‘groined arch roof were made in four sections for the» part supported by | one | 

‘Except for columns, all forms were made of §-in. center- matched bine 
‘ter, nailed to 2 by 6-in. studs which were spaced on 16-in. -eenters. Vertical 


forms were -in timbers running horizontally outside the 
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and held from Spreading under the force of ‘the horizontal thrust 
3 
of the wet concrete, by §-in. bolts running through the section to be « con: 
creted. ‘These bolts were made up with pump-rod couplings, spaced | 4 in. in- 
side of each form: face. _ These horizontal timbers were spaced a variable ~ number 
on their elevation above the bottom of the form. mum 
Column forms were made of steel, each complete e form consisting of two layed i . 
halves. forms were handled by the cableway. ver in 
De ue to the great depth of the reservoir, ‘unusual methods were used in The 
"supporting the forms for the -groined | arch roof. The entire load of the 20000 
roof forms as well a as of the concrete, was carried | by ‘wood and steel collars —} Doan 1 
- fastened a around the tops of the previously poured | columns, and by eight 10 000 
wooden posts, each 8 in. square, extending from floor to roof, | and located Brook, 
7 _ around the perimeter of the groined arch unit supported by one » column. brook. 


~ One post was located at each of the four corners, and additional posts mid- 55 000 
between the corner “posts. These po posts were braced in a horizontal plane reservo 


arrang ement 1s 


for the 

1 * in this 

servoir Contro orks 
por 

portior 


filters. 


ervoir (Fig. was awarded January 15, 1923. Because the reservoir was Con 


possible and work in ‘one basin at a time, north one was 


stil in use. and was supplying water to the distribution system, it was only 


p 


og near the west side of Woodhill Road, and carried through to the shaft “ig “reserve 


at the site of Gate-House No. After draining - the south basin, the branch ‘ect 
of the tunnel leading to the shaft at Gate-House No. was” completed. inside 


the tunnel excavation was in ‘shale » although there was some variation in its — moved 
hardness. A short section of the main tunnel was in material so soft as to of ‘the 
require timbering, whereas the ‘greater part of branch ch tunnels q Emit 
wes in n very hard shale. cated 

ble | steel-plate forms were used in the tunnel sie at transition ‘wa to 

» where wood forms were employed. Concrete for the tunnel Tining: nue, ] 

. ‘the top of the construction shaft in a drum mixer and w was ould 
ae to the point of placing by a pneumatic concrete | blower, which 7 tracks 


forced the mixed concrete through a 4-in. steel pipe line. at 


_—Excavation. —The excavation for the basins was done under 
contract, bids which were received April 29, 1920. The contractor 
began v work June 25 of the sa same year and ‘March 
a --8, 1921. The area covered by the basins was excavated to an elevation 1 ft. 


above the base. of the The 1 material ‘ountered 


clay nd soft shale. 
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Three steam shovels were used ‘regularly on the work. The maximum 


number | of dump trucks used in any one day w: was twenty-three ree and the maxi- 
mum number of of teams was thirty. Progress of the work was tases de- 


Brook, and in the landscaping plans in the development of the valley of this | 
brook. An ‘additional 30 000 D eu. yd. , suitable for back- filling, as well as about * 
55 000 cu. intended for use as s clay ay puddle on | the roof « of the filtered-water 


ns was necessary to ) postpone t ‘the e excavation of 


Baldwin Reservoir, was the low bidder on the contract for this work. This 4 
‘made possible, by some re-arr ‘angement, the use of much of the old old construc- 
tion plant on the new contract. (See Fig. 

* Because the coagulation basins were located along the east side of the 

q senrveld and extended some distance beyond its north and south ores a 
oy extension eastward of the existing « eableway tracks would | bring them 

in side the ‘north: and south ends of the basins. The contractor accordingly 


_ moved ‘the head- tower tracks to a new position, parallel to » the old, and nor th rat 
the existing concrete mixing plant, and extended the track to the ‘easterly 
limit of the coagulation basins. The mixing plant had been purposely lo- 
‘eated just outside the north limit of excavation. Insufficient room for the 
tail-tower tracks, between the south wall of the basins and Woodstock Ave- 
nue, prevented the location — of these tracks so that the cableway carriag 


could span the full length of the basins. x ‘However, the existing tail-towe 


tracks were extended east over the south end of the basins for their full a 
width. This arrangement. placed the entire coagulation basin area, “except 


the part at the southerly end, within working position of the hoisting hook all 


om the cableway carriage. a. The increased span necessitated the substitution 

of a 5-cu. _yd. bucket in the place of the 7-cu. yd. bucket used on the reser- ane! 

thus reducing the capacity of the cableway to about 12 tons. bok 

As: After completing the re- arrangement of the construction plant, the con- 

tractor "excavated for and | placed the concrete foundation for a considerable _ 

length of the by-pass conduit. At the same time a j-yd. caterpillar steam 

“shovel w: was in excavating the depressed portion of Basin No. 1. When 
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- demsiddenbile of this basin had been excavated to within a few inches of the 
in grade, a steam ¢ channeling machine was set up | over the location of the 
longitudinal drain, and channel cuts were made along each side. After ex- 
-cavating, this method | left. the walls of the drain i in good condition to receive 
= concrete lining, using o1 only interior yr forms and depositing the concrete 
-— directly against the shale through which: the channel cuts had been made. 
‘This practice of making cuts through the 1 shale and rock and depositing con- 
directly against the vertical surface typical for similar conditions 
_ throughout the work. It was of of particular value in situations like the one 


Ss before mentioned, * where no back- filling could be ‘permitted behind the drain 
walls on account of possible settlement and ‘resultant cracking of the basin 


# At the same time that the longitudinal drain was being built, foundations | 
a for the dividing -wall between Basins Nos. 3 and 2 and the column founda- 
tions for Basin No. 1. ‘were constructed. After concreting the drain walls, 
dividing wall, and column footings for a a sufficient length of basin, the last 


few inches of shale were ‘removed from the general floor area a: and 4 in. of 


floor concrete were placed. This” concrete formed a working on 


which t the steel for the finished floor could be placed, and insured that the | 


full depth of concrete for this floor would be free from disintegrated shale. 
If the sub-floor had been omitted, it would have been possible for serious dis- 
vee geovine the shale to have occurred during the placing of the floor 


_ This shale » might | have worked up up into the floor concrete while it was 


being, placed, thus forming weak spots. wal ois 

At all construction joints in the floor- slab, as well a as where | the floor con- 
"crete joined the column and wall foundations, particular care was taken to 
4 insure water- tight joints. “B Before pouring the floor, strips of prepared as- 


phalt filer & in. euveiey were e placed at the bottom of the joints. i _ These ex: 


flat plates ‘were They were withdrawn, after the concrete had 


,. : set, and the space was filled with melted asphalt. This type of joint was 


used throughout the work “locations requiring water- tight floor joint. 
In addition, all vertical joints in the floor and sub-floor 1 were staggered at 


At the transverse joints in the wall and conduit foundations, copper strips Pi 


provided adequate _water- stops, and the ‘poured asphalt joints were ‘not re 
quired. In order to ‘provide room for expansion at these joints, the existing 
concrete surface was coated with about }-in. layer. of an asphaltic fiber 
cement. ‘This provided a cushion, which could be compressed by the expand- 
ing concrete and would prevent spalling of the concrete edges or displacing — 
; te of the sections due to temperature changes. At vertical construction joints — 


the walls subjected to water pressure, a copper ‘strip—attached at its lower 


aa provisions, the same as previously outlined, were naire to t take care of 


winter 


nd to o the horizontal copper strip in the foundation—served as a water-stop, a 


of 192 
1924, 
Basin 

excave 

railro 


— 
— colum 
4 ‘ing tl 
form 
pri 
— ion, 
— tion, 
allow 
arche 
— 
= 
— 
t+ loade 
south 
in 
— 
basiz 
— 
ig 
“ie | plete 
— 
— 
— 
tot 
— basi 
— 
— ins 


of 1923-24, ‘The remainder of the year 1923, as well as the first months of 

1924, were used in completing the excavation of the depressed part of 
Basin No. lass well: as the depressed parts of the other three basins. This 
excavated material was loaded on standard gauge dump cars and placed in 2 
railroad fill some distance from the site of the work. 
ee Early in the spring of 1924, the contractor started making forms for a, 

"columns and for the groined arch roof of the basins. (See Fig. 15. ‘ For the 
4 sections for the arched roof 596 forms were made, or enough to permit pour- 


‘ing the arches over 149 columns at one time. _ This required the use of each 
form on an average of seven times during the course of the work. 


in the groined arch roof was commenced in Basin No. ton 


April 2 26, 1924. The columns were poured for the full height i in one opera- 


tion, and then, before commencing on the arches, sufficient time was 

allowed to to > elapse 1 to permit the concrete in ‘the column forms to | hrink. at ; 
arches were re poured i in groups of four, ‘and usually three of these ; groups: ‘were 

completed in one pouring, making a double row of arches” from one barrel 

.. arch to the next. _ Column and arch forms were left in place 14 days sin the 
spring and 10 days in the hot summer weather. i) The arches were =e 

. ai ‘November 1, 1924, iii work in Basin No. 4 had been completed as far i 


south as the running track in front of the tail-tower. The tail-tower tracks 


y were then removed from the easterly half of this basin aut construction work 
in this area carried on by means of a 35- ton locomotive crane, ‘operating from 
Be running track i in front of the tail- -tower ti tracks, and also from the track i 
just outside the south wall. fs As soon as the eastern half of this end of the _ 
basin had been completed, the remaining tail-tower tracks in this basin were 


removed and operations carried on by a locomotive crane, the : same as 3 for the ~ 
eastern half of the basin. - In this same manne 


Ezcavation. — general excavation | of the Administration and Filter 


Building site was included with the excavation for the: coagulation basins, 
_ for which bids were received April 29, 1920. Delay ‘ the City in acquiring — : 
ey the land on which these structures were to be located prevented the immedi 


ate. excavation, and the work was dese to the contractor having the g ge 


Construction —On October 24, 1998, bids were received the 
i tion of the Administration and Filter Building, and the contract was awarded 

to the low bidder, who was already engaged i in constructing the coagulation 


A, 
By extending the cableway tracks west (Fig. 14) for the full length « of a 
the filter building, the same plant could be used as for the coagulation bas- 


‘ins. contractor immediately ‘excavating ‘the 124 -in. cover on 
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BALDWIN FILTRATION PLANT, CLEVELAND, OHIO Papers, 


AS 


- crete operations were suspended near es e end of December, 1923, 1 the concrete 
; - floor-slab for the southeast effluent gallery, as well as two-thirds of the walls — 


= During the remainder of the winter, the excavation n of the m main drain — 
was completed. The material encountered was composed of layers of a hard, 

fine-grained sandstone, between v which ‘were. . thin layers of hard shale. The 
; sides of the main drain were cut with a channeling machine, and the lateral — 
> connections, located at every filter, were cut by drilling closely spaced holes, 


‘—_— Concreting ‘was resumed early in the spring: of 1924. The roof- slab over 4 


each effluent gallery was poured in five sections. The construction joints were 
_ placed at the dividing plane | between the double beams located at the — 


—" every “second filter. Due to the length of time required in pouring each 


7 fol section of the effluent. gallery and the great amount of beam steel ow 
cated: just above th the columns, it was found best to pour all the columns in a 


any one section as, as soon as the column and beam forms were completed, but - 
_ before the beam and slab steel had been placed. _ The columns were ‘poured 
up to the under side of the: deepest beam supported by that ‘column. — Before 
wit the forms and concreting the 1 ast roof section in aiden a 
; Dy the pipe and fittings for the collector system were lowered into sion gallery. ae 
Each of the concrete filter tanks (Fig. 16), including the floor, walls, and 
Pais tp walks, was constructed in one operation. _ Seven sets of forms, and four 


a additional sets, complete except for the outside forms for t the two side walls 
prepared. This permitted work on eleven filter tanks at one time, as 
each of the four sets el forms lacking the outside wall forms, could be used 
between two filter tanks already | poured and stripped 


2a Each filter tank was poured as a monolith, and the first step was to pour 


the floor. ail ‘This served to hold the mortar: in the concrete in the eide walls 


ae prevented its escape under the lower edge of the inner er supported ° wall | 
a. ‘The q quantity ‘of concrete in one filter’ tank was was 156 cu. yd. The time re 
ired filter 38 5h 8, the general fi 
first filter was as conereted. on May 
| 


were on “August 2 
_ the contractor already engaged in building the ‘remainder of the plant. 


bel Because the site of the work was. partly covered by the existing cableway 


tail-to wer tracks, it was necessary to restrict" the westerly Movement of the 


_cableway to a about midway ¢ of the work under this contract. cable- 


house was begun. Boat ad at dt MR 
non Standard- -gauge e railroad tracks were laid along either side of the build 
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15.— VIEW SHOWING FORMS FOR GROINED ARCH ROOF OF COAGULATION BASIN, BALDWIN _ 


16.—PIPr GALLERY AND FILTER TANKS DURING CONSTRUCTION, BALDWIN 
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‘the excavated material and to move and place’ the forms. 


mixed in the central mixing and moved. across the reservoir by mean iS 


of the cableway. The buckets were then loaded on flat cars and hauled close a 


we point where a locomotive crane could lift them to position over r the » 


¥ 


_ By the time the westerly half of this work had been completed, the 
cableway was dismantled ‘and a track was : laid from the mixing plant around 


the east and south sides of the coagulation yn basins to connect \ with the working 


track on the south side of the chemical house. ee ho ‘tie remainder of 
this work was brought from, the central mixing P lant by means of this track. 


The dissolving and. solution tanks, as is well as” the small orifice boxes were 
each poured it in one operation up to a construction joint above the level to 
which they would be filled. This eliminated the possibility of leakage, which 


might have occurred, had ‘there been a construction: joint where the wall and a 


o guard of concrete in the tanks: to be used 


for alumn solution, a richer : mixture was used i in order to obtain as dense ac con- — 


crete as possible. For the .e dissolving and sc solution | tanks, with 12-in. walls, 
concrete pioportions of approximately 1:1.5:3 were | used, and for the orifice 


tanks, with walls 6 in, thick, an mixture of approximately 1:1.25: 2. 5 was used. 
In addition, the interior surfaces of all these tanks were coated with a ‘special — 


ids for filter equipment, received on June 12, 1924, were rejected, 
the work was re- -advertised as a separate part of the chemical house an 


bidder, who immediately ‘started. ‘manufacturing the equipment. 


iM The cast-iron manifolds a nd laterals, as well as the effluent | piping aa 
rate controllers, were ‘delivered t to the ‘site of the work in railroad cars. De 


By January 30, 1 1925, the 


gillery had so “reached « completion. that the 


equipment was permitted to | start placing the filter rate 


‘mit 
February 10, the first ‘manifolds were ‘placed in position in the filters. 


The large ‘number of filters and the repetition of the same steps at 


filter permitted doing the work i in a very rapid and efficient manner. It was 

subdivided into different operations, each of which 1 was” performed by a 

‘Separate crew. ; As an instance of this pattie. the work inside the filters 


may be cited. One crew confined its efforts to placing i in position and bolt- 


“ing down the manifolds, ‘and then moving on to the next filter as soon as 


this operation was finished. _Another crew followed and drilled the holes in 


mip 
the: floor means of which the lateral chairs “were anchored in ‘Position. 
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EVELA February 
7 ing the lead joints, _ joints, placing brass strainers on — 
“placing the various layers of gravel, and, finally, placing | the filter sand. 
filter gravel and sand ‘were purchased by contract. first. 


_ were rejected and new bids were received November 6, 1924. a _ The coarse filter 


gravel, “ranging ¢ from in. in. in size, was tained from the Ohio 


River, near East t Liverpool. gravel ranging from at to 4 in. ‘size, a 
part of the gravel ranging from } to $s in. in size, as well as part of the 


gravel 2 ranging from 4 to ts i in. in § size, was obtained from Copley, Ohio. | ‘The 
; ‘remainder, as well as the filter sand, came from Phalanx, Ohio. 4 


All gravel and sand was received in railroad cars | on tracks laid close to 


. * filter building. ‘The three larger sizes of gravel were unloaded by shoveling. 


on to a. belt conveyor, w hich carried it inside the building and dumped 


_ into a hopper from w hich | it could be drawn into wheel- barrows. s. Th The small- 
size of gravel, that from to in., and all the sand 

diree tly from box cars iitto the filters by means of ejectors placed in n the cars. 


a: __ The following approximate quantities will give some idea of the amount 


we work involved in constructing the Baldwin Filtration Plant: 
Excavation, in cubic yards... ‘ 1100000 
Concrete, in cubic yards. ... 


coment ed a 
10900000 


Structural “and miscellaneous steel, ‘pounds. . 

Cast-iron pipe and fittings, in pounds. 

7 ait These quantities do not include work on the alum pee building, - the 

, Fairmount Control Works, the pipe lines leading to the, filter plant, nor th 
‘pipe lines leading from Gate-House No. 7, , that connect into the distribution 


system. Fig. 17 a panoramic view of the finished plants.) = 


of the Baldwin Filtration Plant s best described ilies 
The alum storage plant, house, cadministra-_ 
“building, and lighting, heating, and telephone system. 


Ea sae Storage ‘Plant. —To ‘facilitate the unloading of alum from ‘the box 


cars in which it is received, a power shovel or car plow, operated by a 5- al 


motor at 1200 ‘rev. per min., is provided. © The alum received from the car 
_ ‘passes through | a chute to an apron feeder conveyor driven by a 2-h.p. motor 


; at 1 200 rev. per min. _ This conveyor can deliver the alum either to a 24 by 
hammer crusher, by a 20- h. p. motor at 900 rev. per min, 


teeta 


> 


t 
p floor of the building by a bucket 


2 carer at rate of ft. per min., and driven by a 5-h.p motor 
200 rev. per min. The buckets are ‘by 15 15 in. and, after moving 


te, 
= 
— 
— 
— 
— 
— 
— 
— 
— 
— 
4 
— 
— 
— 
— 
equipn 
six main di Vis | 
— 
— 
| 
— 
1 
— 
= 


BA LDWI? 


—ONE OF THE BRONZE AND MARBLE FILTER OPERATING TABLES, BALDWIN eee se 
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‘the ey. may y feed one of three 19-4 -in. screw ‘conveyors. ‘each 
of which is 6 ft. in length, deliver the : alum to the various bins through 


bevel gears by a 7.5-h.p.. motor at 1200 rev. ‘per min. 


tion of the dusty air produced i in handling the alum. A 5-h. p. motor at 1200 

rev. per min. operates the fan used for ‘sucking the dust-laden air from the : 
crusher, chutes, and rooms where it is produced, and 1 for foreing it through i) 


‘The | building is provided \ with platform elevator, ft. square, 
capacity: y of 2500 Ib. when moving ata speed of 150° ft. per min. hp. 


“current at 2 300° volts, which is reduced to 290 15 ky- 
“transformers. A remote-control panel board with ‘Switches for or operating the 
| plow, crusher, bucket carrier, screw conveyors, , is placed outside the 
containing the ‘power transformers. This same room also ¢ contains 
three 1.5 kv-s a., 2300 to 110- volt transformers for the lighting system. — Elec- js 
“trie. current is supplied from generators in the Fairmount Pumping Stallion, ay 
Chemical House. —The raw water entering this building through 
60-in. mains, passes through two ‘Venturi tubes with throats 30 in. in di- 
ameter. The rate and total flow of water are shown on two meters, on 


| indicate a and record the F rate e of flow and also register the total flow. ia e rated 


2 The bucket used to lift the alum from ‘the storage ee filled while 
“standing a flat car r, which runs on a narrow-s -gauge in.) track be- 
neath the bins. A turn- table enables the car with its load to be run into the 
3 hoist shaft leading to the top floor of the chemical house. ~The loaded bucket 
is lifted by ‘a geared hoist (capacity 3000 Ib.) mounted on a mono-rail 
the upper story of the chemical house. - The hoist is operated by a 3- -h.p. 
motor. When the bucket. reaches’ the 1 upper peer it is moved by hand pw 
the mono-rail to a scale (capacity 4000 Ib.), that forms a of the 
system. ‘It is then transferred on the same rail system to a position di- 


eetly over a eireular | opening i in the cover over of a a dissolving oe bucket | 


b The electric current supplying power is brought | into the building in the 

of a 3-phase, 60- cycle, 2 300- volt alternating current, which is 

to 220 volts through ‘three 10 kv-a. transformers. Three 5 kv-a. transformers 4 é 

are also. used to convert t the -2.800-volt volts for lighting 
poses. The transformers are located 3 in a Toom 4 

this” purpose. 


to the tanks should the bucket hoist fail to Tt 
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= min., , under full load. ‘The shaft in which it operates is 6 ft. by 6 ft. 6 in. 


and a dust arrester hopper and outlet with a dust 
valve and canvas. spout. The fan i is driven by a 10- h.p. electric motor run- 


_ The tanks for dissolving sulfate | of | alumina are each 6 ft. 6 in. by 5 i: 


in . plan and have a depth « of 6 ft. 9 in. = There is a 8-4 in. ledge 1 ft. above ‘the 


bottom, which ‘supports wooden grid. This, in turn, supports removable 
acid bronze screen “upon which the alum is dumped. _ Below the bottom of 


wooden grid, is a lead y pipe distribution s system | for furnishing the dis- 
solving water. . Ina at the end of the dissolving tank is a wooden 
in line with the concrete wall below. Beyond that is an acid bronze fast 
-sereen, _intended to remove trash of all hind: from the solution before it 
passes into the storage tanks. The wooden grid is made in three sections 
and i is composed of 18-in by 3§-in. cypress joists” ‘set on edge with q-in. will 
spacer blocks between the joists. The joists of each section are bolted to- ad 


= 


gether with }-i -in. bolts painted with an acid-proof paint before | assembling. 
The bronze screens are set in cypress frames, and are composed of acid-proof 
bronze wire, 0.08 in. in diameter, 4 meshes per in. for the strainer screen 
ne and 6 meshes per in. for the screen resting on the wooden grid. These dis- 
solving tanks were designed for a maximum charge of 4 000 Ib. of chemicals. 
a ag Each solution | storage tank is 15 ft. 44 in. by 18 ft. 3 in. in n plan, | with 
a an average depth of approximately 10 ft. The bottom of the tank slopes 1 ft. 7 
in. in its length, with a drain at ‘the low ‘point. The solution outlet 
’ from the tank is 19 in. above the drain. This design was adopted to form — 7 
"a sump int into which trash or ‘separated aluminum hydrate - might s settle bee 
not be carried into the chemical | pipe lines. , To effect a mixing action in 
7 “a the solution tanks by driving water up through a grid at the bottom and 


Qu 
a 


supplying -make- -up water for bringing | the solution to. a predetermined per 

strength, four 14-in. lead pipes spaced -equi-dis -distant across the bottom of the r anc 
‘solution tank and tied into a 2- -in. header are provided and are supplied 


with water through a 2-in. feed line. . The four 1}-in. laterals in the bot * 


tom of the tank are provided with d-in. holes 3-in. 8-in. centers drilled 


‘in the top of. the pipe. ong. al xp on 
box is 1 ft. 9 in. by 4 ft. in plan and 3 ft. 9 in. deep, with 


center line of the orifice set 1 ft. 11 in. above the bottom. box is 
divided into two ‘compartments by ‘a wooden baffle. one of the com- pal 

‘Partments ‘the alum solution is discharged and passes over the bafile into 
the second compartment. The baffle acts to still the disturbance produced oth 

the discharge of the solution. float for ‘Maintaining a constant tra 
over the orifice is placed in the second ‘compartment. The orifice itself is 
‘placed in the wall of the box forming one end this compartment. 


The orifice boxes are designed i in pairs with a common dividing \ wall. ke 


the solution from either orifice leaves this box it } passes into a common n make- 
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f up box, 18° in. wide, extending across the full width of the two, orifice boxes. 
Al in. wi ater line, discharging into - this make-up box, pe permits an inerease 


in the volume of solution which assists: in as it is fed 


The ae ie has a fixed 1 width of of 3 in. and is capable of being varied is 


a minimum of in. to a maximum of _ The orifice plate 
a ronze ae ae of a a base plate set in the concrete to. 


set to a trough over the rising well. is a 
trough, 70 ft. long, covered \ with sheet lead ss in. and hung from bolts 
~ fastened to inserts laced i in the concrete floor bove. 

The joints of the lead sheets" are burned together, the down- -stream 
4 side of the trough lead lips are spacéd 2 ft. 6 in. apart. he trough is. V- shaped, i 


i a bottom angle of 90 degrees. — It is 18 in. wide across the top and has 


depth of in. above the top of the fillet. 
In order to. obtain a uniform discharge of the solution each lip, 


level of the t trough: may be accurately adjusted by turnbuckles. 
Administration: and ‘Filter Building —There are four wash- 

on the floor at Elevation 216. 0 for lifting the water from the effluent galleries 

to the -wash- -water tanks, in the top story of the Administra ation Building ; 

‘They are operated through electric control actuated d by means of floats in 

‘the -wash-v water tanks. The float ¢ contacts arranged so that if the level 
of the water in the tanks continues to drop, additional pumps are » thrown _ 

_ successively into ser vice. ‘The electric control panels are in the pump- room 
adjacent to the pumps. _ Push- button control is also provided in the pum 

‘room. ‘Two pumps, each with a capacity « of 3 450 gal. per min., are driven by 

induetion ‘motors, of the squirrel- -cage type, ‘running at 1 760 rev. 

min. Each of the other two pumps has a capacity of 1 850 gal. per min. 

4 and is “driven hp. ‘motor of the same type, running at a “speed of 

(1750 1 rev. per min. The current used i in the motors for pumps" is 

60- at a potential of 2 300 


The transformer and switchboard- -room | contains the four primary control 
‘panels for r the four wash-water pumps; three 25- a. -a. transformers for con- 
verting the current from 2 300 volts to 220, volts, for general power purposes 

- other than that ‘Tequired for the wash- water pumps; and three | 25 ky- -a. light 
“transformers ‘for changing the e voltage from 2 volts to 110° volts for 
The large freight elevator (7 ft. by 64 ft.) serving all floors i in the Admin- 
istration Building, has a capacity of 10000 Ib. at a speed 15 ‘per min, 


power, is: obtained a: 27-h. p. electric at 900 rev. 


these ‘pumps: From ¢ ables of the Municipal Electric ‘Light Plant; and 


aa: 
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per min. The ‘machine shop i is wired for machine tools, and a switchboard 
control panel has been installed. . The machine tools themselves have not as 


‘a In the foremen’s room on the m: main floor o of the Advainieteeniod: Building 
The Venturi tube i is 24 j in, 


a 14-in. 


Baldwin. Reservoir, and or one pressure gauge to indicate the of water 
in the wash-water tanks. high-water electric alarm bell notifies the ‘opera- 


tor when too high a a level i is reached in the wash-water tanks. 


1 The chlorine room on the floor at Elevation 234.0 io located’ With one 
wall just beyond the outlet end of the filtered water conduit at ‘Elevation 


of this room. ‘Passing through ‘the wall of the pit are three 24- -in. 
_ vanized-iron pipes, 7 ft. 6 in. long, and extending from 6 in. inside the pit 
ef gf wall 'to a point over the center line of the outlet end of the filtered water 
conduit. manhole is located i in the floor at Elevation 284.0, just over the 
end of these | pipes. A heavy rubber hose fed by the chlorine machines may 7 
be placed in each pipe with | ‘its outlet: end ‘submerged in the water of the 


effluent channel leading to the clear- -~water reservoir. 


apis. For feeding the chlorine, there are two control | units each with a maxi 
er 4 “mum capacity of 320 Ib. per day. The room in which these machines are 


located, is ‘equipped with two vestibule entrances, each having two sets of é 


4 


j double doors to prevent the spreading of fumes to other parts of the building. 7 


im a. | ventilating ‘system is also provided for exhausting the fumes from the chlo- 
ve ? ‘rine room ‘proper. The exhaust fan is located on the wash-water tank-room 
floor, and is driven by a 5-h.p. motor operating at 900 rev. per min, ee 


> 


An operating table is provided for each filter tank (Fig. 18). — It con: consists _ 


marble panels and top. On the top are four levers ‘equipped with indicators. 
a. These levers are used for opening a ‘and closing four-way cocks which admit 


and release water under pressure to the hydraulic cylinders used to ‘open and 
the influent, effluent, sewer, and wash-water valves. shut-off valve 


for the e pressure manifold, and bronze casings for holding the loss of 
ut 


head and rate-of-flow gauge mechanisms, are also placed on the top of the : 
‘table. In the hood of each gaugé is a small electric: bulb for illuminating — 


the face of the gauge at night. ‘The marble panels at the back of the table 


are o omitted, the “opening being closed, however, by a brass wire screen for 


signed for this plant, 


--The 8-in. pressure ‘supply line for operating the hydraulic valves is under 


a pressure of 150 bb. per sq. in. _ As this is too high for this purpose, it is re- i 
duced by an 8-in. pressure-regulating valve to about 110 Jb. per sq. in. All ie 
from the four- way cocks into the main gutter. of the 
stream: from the rate 


‘ventilating purposes. The operating tables and fixtures were 


216.0. A pit _ ft. 6 in. by 3 ft. 6 in. . and 2 ft. 3 in. deep is built into the floor 
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‘troller rolier to be emptied for inspection or 


without the effluent galleries. ‘This a arrangement, however, sub- 


jects: the controller and connected mereury pots to ‘the full head of ‘the 


, CLEVEL AND, 


wash-water pressure. ‘This necessitates the cutting off of wash-water pressures, _ 
during the washing process, from the mercury pots for the rate of flow and 
of head d gauges. ~The effluent valve, the therefore, when closing, automatically 
closes two small hydraulic valves i in the small pressure pipe lines leading from - 


_ Lighting. _ “very complete system 0 of lighting has been installed in all 
the buildings. . Special lighting for the filter tanks enables operators to view the © 
filtering and washing processes at night. * The offices | and laboratories are” 
extremely w ell lighted. Ornamental fixtures and lights | are installed in the 

end and cross pavilions | of the wings of filter building. 

Heating. —A low- “pressure (5-Ib. gauge and 10-i -in. vacuum) vacuum type 

of steam heating is ‘provided for all the buildings except the g gate-houses. 
Thermostatic control i is used in the Administration Building. | ‘Steam i is sup- 

‘plied from the boiler plant at the Fairmount ‘Pumping ‘Station. 
Telephone System. —A 24-station intercommunicating t telephone "system: 
furnishes’ contact between the offices, laboratories, foremen’s rooms, and 
other important points in the plant. Duplicate sets of talking and ringing» 


batteries are located i in the ‘machine e shop, and are re kept ¢ constantly charged by af 


The construction « of the Baldwin Filtration Plant and Reservoir, as as” mai 
as of all allied projects ne necessary to make the operation of | this plant ‘pos- 
“sible, was hastened in every way, in order to derive the benefit of 


the various p had been so > nearly completed, that in J une, 1995, 

it was possible to test and clean out the regular water channels in the Bald-— 
win Filtration Plant from ‘the chemical house through the filtered-water 

[ by- -pass in in the ‘Administration Building, to Baldwin Reservoir. | On June 29 ‘,'- 

1925, raw chlorinated water was first passed through the previously men- 
- tioned water channels into Baldwin Reservoir and on July L , 1925, this res- S- . 


> 


4 was connected to the low-service distribution system. Bluff Yo: teu 
ot From the average : results of twenty-t -two gauging stations, throughout the my 
dow service district, the increased } pressure due to. the change to the higher 
‘Teservoir was 16. 6 lb. This was th the difference | between the average of 
ee at 9:00 a. M., before cutting in the x new reservoir, and that at 2: 30 
4 , after ‘the | system had been changed over. . This increase in pressure ‘was re 
‘dbtained with the water in Baldwin Reservoir about 74 ft. below the over- 
The placing of the filter « equipment progressed that” on 
1, » 1925, filtered- ‘water by-pass was closed and the first 
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cally treated water passed through the coagulation basins and to the 
west twenty filters, ‘thus placing one- -half the service. On October 
ba The total elapsed time required for the of the plant 
more than three years: and eleven months. This is computed from 


ct. under which the reservoir was constructed, 


cavation of the reservoir 


_ Amounts or Contracts” AND ANA ALYSIS OF 


various items brug ng into the eost of Baldwin Filtration Pant are 


Tn preparing this detailed s statement, the actual 
cost: of ie asset is given; cost is also adjusted toa base cost in accord- 
ance with the purchasing value of the 1913 dollar. - This was done in order ‘ 


a to permit cost comparisons on the basis of | pre- war values. The cost index | 
figures as prepared by the Engineering News- Record, used in 
this adjustment. A comparison of (of unit costs may readily be made | by means 
Table 2. For example, the alum s storage a capacity of 1000 
tons, cost $132 per ton for storage. On the 1913 basis, the cost is $63 per 
Similarly, the four ‘coagulation basins, witha’ total capacity 
of 32800000 gal., cost $49425 per 1000000 gal. The capacity of Baldwin 


Reservoir is 135 000 000 gal. and its cost is seen to ‘be $21458 for each 
1000000 gal. of storage. 


slum’ 


‘Table 3 gives a summary of costs of the units comprising the filter plant 
e proper, including both actual and 1913 values. Tt also gives f for each of 
these values the cost of each unit per 1000000 gal. daily of ‘capacity. 
table excludes from consideration, the following items: (1) Mains deliver 

4 ing raw water to the e rising w well at the chemical house; (2) mains that take 


me & water away from outlet Gate- House No. Bs (8) changes at Fairmount Res- 


_ ervoir; (4) landscape development; (5) cost of all land; and (6) rough grad- 
ing o of the filter plant grounds, engineering, inspection, and overhead. 
‘The i large capacity of the Baldwin ‘Reservoir is due to ) the fact that it i is 
used ag 2 a | storage: reservoir for the low-service district. 1 As the normal capac: 
* ity of a filtered-water reservoir for a filtration plant is about = 
normal daily rated capacity of the plant, it is not t proper to charge the entire 
cost of the Baldwin Reservoir to the filtration plant. Accordingly, while 


Table 3 includes cos costs” for the plant as actually constructed, data are also” 


. included for the purpose of | comparison, g giv ing costs on the basis of the cus: 


ig i | capacity of 40 000 000° gal. would be sufficient for a 1 plant of 1 this size. 
ro oa] The exact | cost of this smaller reservoir could only be obtained by 1 receiving 


bids based on an actual design, but for the purpose of comparison ‘it will be 
assumed that the cost the smaller, theoretical ‘reservoir would be 
. of the cost of the reservoir. as actually built. it The totals of Items A, B, , D, Al 
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TABLE 2. —Derain ED Costs OF \LDW Finrra 


cost 
of asset. 


x 


Date of receipt 
of bids. 


figures. 


reduced to 


Cost index based 


1913 basis by use 
of cost index 


818,68) January 12, 1923| 192 


iy 
18, 1923 


Works at Fairmount 
Se 18, Foundations of — gate-houses, 


ae shafts, branch and main tunnels to header! 

at pumping statiou, distributing pipe into!) 

ord-— reservoir. and all 

Contract 41, Guniting areas, concrete floor of 

x der reservoir, *and slope wall paving around new 
A. 4 openings made in floor and slope walls 


ey 
|e 


111 444. 1.28) 


Control Works at Fairmount Reservoir : Super- 
“Contract 42, Superstructures of four gate- 
HOUSES. 
“stam Storage Building (Foundation 4 Area, Oi 12 a 
acres 
vi Contract 57, Building complete, pe 
‘foundations, superstructure, and 
crushing and conveying 


58 243.00 201.86} October 24, 1928] 22 


et Total $ 131 1 972.64 $ 6 844.11 


ing excavation and back-fill, concrete) 
foundation and reinforced concreteskeleton| = 
of building, mixing flume, and chemical) 
= house equipment, including concrete dis- geet 
solving, solution, and orifice tanks, piping) ons 
and vaives for chemical solution and alum- 
handling equipment 
Contract: Adsitional work 
‘Total, substructure and equipme 


Chemical House and Mixing Flume: Super-| 
including all brick and cut-stone work, steel| SaY 
roof trusses, slate roof, partitions, sash,) On 
fo doors, painting, etc 
Elevator 
Electric wiring and lighting fixtures.. 
Heating and ventilating 
Plumbing complete 


£4 
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nek 
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Coagulation Basins’: 


wh 


reduced to 


figures. 


Actual 


Units 


OP [phe (ix 


= 
of cost index 


1913 basis by use 


Date of receipt 


bids. 


Cost index based 
on the year 1913 


@8 100, 


2) Foundation under west conduit... 521, 82) 20 198.87 
“ 44° Completion of excavation and) | Nas: 
constructing completely the concrete cover) 


Area, 7.74acres): 
has Contract 1, Excavation 


basins, including drains, proportionate cost pies 
of outlet end of main drain, foundations, 
walls, conduits, roof, roof back- fill, sluice- ae 
gates, mud-valves and pressure-pipe 
i 7 656 938.54 


$1 621 148.09|\$ 788 290.76 


, Substructure..... 


425 556, 


‘Coagulation Basins: Superstructure : 4 
Contract 47,Superstructures of six gate-houses| 
Nf a brick and stone facing of west wall of| 


basins 

Filtersand Administration Building : Substructure 
(Foundation Area, 2.48 acres): 
Contract 1, Excavation 

44, Proportionate cost of outlet end 

ef main drain 
Contract47, Completion of excavation, building 
_- drams, construction of all foundations, 
a 


$ 68 394.51 
an: 


concrete effluent galleries, filter and 


524 195.61) 692 816.19 


109.40, 806.04 


Contract 49-R, Furni hing hand-operated 
Valves 


Total, substructure. 


and Building 
Contract 47, Sup erstructure com 
the tops of the filter tanks, including building 
me skeleton and roof, all brick cut-stone work, 
_ metal lath, plaster, painting, etc 
- Contract 48-E, Electrical wiring and fixtures. . 


48-S, "Heating and ventilating system. 


4 * 
$1 250 580.00|/$ 568 422.73 
“B1 00.00/14 090.91 
34 659. 00} 15 754.09 
775.05) 18 584.11 
B, Elevator 7 260.00} 3 392.52 


= 


‘Total, 


April —_ 20, 1920 
November 4, 1981 


October 1923] 22 


April 20, 1920 
May 25, “1928 


owls i 


October 24, 1928 


786.50| 88 642.57 September, 1928] 


.| $1 718 486.02|$ 775 594.78] . 


October 24, 1923] 220 
October 24, 1923) 


October 24. 1923 


October 24, 1923) — 220 


July 28, 1924 


$1 353 224.05/§ 615 194.36] ... 
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3 


on the year 1918 | 


ay 


Date o of receipt 
of bids. 


g 


fi 


year 1§ 


Cost index based 
as 100, 


~ 


cost index, 
ures, 
ma 


— 


reduced to 
1913 basis by us 


10 


strainer system; furnishing and placing filter) . 
rate controllers and operating tables; fur-| 
nishing and placing electrically driven wash- 
ater pumps,transformers,and pump-motor| 
control; furnishing and placing chlorine). 
feeding’ apparatus; furnishing and placing 
furniture, floor covering, and stock| 
nd. . 28, 1924) 
November 6, 1924] 
November 6, 1924) 
500,00) 36.36 October 24, 1923) 
Laboratory work tables, cabinets, and| 
benches 122 : 35 5 097.24); October 30, 1995 
“Total, filter equipment 


on the 


ws 


Soil stripping direct labor in 1915.....- $ 26 886. 00:3 98 872. 04 1915 

Excavation contract «183 660.40) 204 067.11|April 1915 

809 00) 408 734.55, 199 


excavation, floor and wall drains, founda- 
tions, walls, roof, back-fill on roof, sluice-| 
gates and all valves and pipe within Gate- P 
oe House No. 7 73 735.36) 1 128 a 4, 1921 166 
wh _ Contract 47, Additional work 3 755 00 vee. 706.82)October 24, 1923) 220 


‘Total, substructure. $2 896 870.76\$1 771 656. 76). 


Contract 47, Superstructure of Gate-House 
No. 7 complete 000.00 36 64 Octobe 


L 


Excavation 
* Excavation and fill 838.00} 30 625.30/November 4, 1921 

| -814.56/May 1928 

544.60 August 1924 


Kill 


26 871.21/April 20, 1920 


16 957.60 


Jes 


Steam main to Plant A (July, 1925).. - 25 200.00 4995 205 
‘Steam main to Plant B (September, "1925) . 720.00) 4 811. 1925 202 
Dump truck for alum (October, 1925). 4 310.55) 102.71;October 16, 1925 205° 
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NI b, 


0 


10N 

_strustre structure. T 

|Alum Storage Building ..... .. 181 972.64*| | 181 972.65 
'B |Chemical House and Mixing Flume..... 878 901.04 | $ 249 000.00 | ........... | 627 901.04 27 ane 
D /|Filters and Administration Buildings...| 1 718 486.02 | 1 358 224. = $324 766.60 | 8 396 476.67 oy ae 

Baldwin ‘Reservoi 2 896 870.76 80 000.00 2 976 870.76 a 
$6 747 378.55 | $1 788 224.05 $8 860 369.0 [EF |Bstir 


voir (=. Item $858 832.08 | $23 708.70 | 


- Total of Items A, B, C, D, and F..| $4 708 839.87 | $1 781 927.75 | $824 766.60 | $6 765 534.22 aa 
Costs Repucep To Cost PER MILLION GALLONS DAILY CAPACITY OF 
r 
A |Alum Storage Building..................| $ _ 799.88* 
B |Chemical House and Mixing Flume..... 296.387 
C |Coagulation 825.14] 642.42 467.56 to the 
D {Filters and Administration 415.07 201.386 20 584,71 
E Baldwin 556.7 484.85 041.64 this pr 
$40 893.20 | $10 837.72 | $1 968.28 $58 699.20 tors of 


dF....| $28 588.42, 496.58 968 968.28 | A. G. 


Chemical House and Mixing Flume..... $116 001.41 | ........... 784.95 and ec 
Filters and Administration Buildings. . “ 615 194.86 | $152 742.19 | 1 543 581.83 by the 
$152 742.19 $4 495, 653. 658.80 the lat 
all the 


Th 

— Wrigh 

‘Total of Items A, B,C, D, and F.. | 279 548.58 | $791 052.00 largely 
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Units 


ToTaL ADJUSTED | Costs Repvcep to Cost PER MILLION ons DAILY Capacity oF PLANT. 


Chemical House and Mixing Flume.....| 078.08 $ 708.49 1786.57 
Coagulation Basins & 474.49 | 292.01 | ... 4766.50 
Filters and Administration Buildings.. 4700.57) 728.45 | $925. 854. 3 
Baldwin | Reservoir.. 104 737, 31 89]... 10 957.70 


371.82 | $4949.84) 925.71 246 37 


Total of Items A, B, C, D, and F $18 815.44 $4 704.25 $19 585. 


Beatie’ 


a. As this project has covered a considerable period of time, the work was pt 

carried on under four different City Administrations and great credit is / due 

to the ‘City’ s officials and Councils for their continued support in carrying 

this project toa a successful completion. 


‘The work has been conducted under the ‘general supervision of the Direc- 
tons of Public ‘Utilities, Messrs. C. Ww. Stage, , Thomas S. Farrell, A. B. Ro 
erts, E. L. Myers, and Howell W right, and Commissioners of W. ater, Messrs. ae 
0. F. ‘Shultz, J. T. Martin, A . V. Ruggles, and C. P. Jaeger. During the 
entire development and construction of this project J. W. Ellms M. Am. Soc. 
0. E., was. Engineer ‘of Water ‘Purification and Messrs. A. Ruggles nd > 
A. G. Levy, Members, Am. Soc. ©. E., were Engineers of Construction and 
Serve ey. T he Frazier- Sheal Company with J. : A. Linders, M. Am. Soe. we 
OE, as Ex ngineer x of Design, and H. T. Hammer as Resident Engineer, . 
charge of the design and construction of Baldwin Reservoir. The design - 
and construction of the remaining part of the project | was handled directly 
by the Engineering Department of of of the L Division of er wae Messrs. A. ¢ - 
levy and G. Hamlin, M. Am. Soc. on E., as Engineers of Design and 
the latter as Resident Engineer. Herman Kregelius, City Ar chitect, designed 
all the superstructures in connection with this project. 
The plant was completed ‘and put into operation under the 
tion of City Manager W. ; 4 Hopkins: and Director of Public Utilities a 
to whose energy and ability ‘the early ‘completion of the pr 
project involved an expenditure $10 000 0. 
wontains engineering features: which should | be of interest to. all. the 
ate, 


Papers, 
— 
hip- Total. = 
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2 035.78 — 
799.83 — 
8 805.46 
0 467.56 
0 584.71 
8 041.64 
8 699.20 
~ 
5 345.67 
BIS. 
844.11 
4 784.95 
6 472.88 
8 020.40 
5 709.75 > 
3 342.52 
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rs in the design and con: construction of works of this type. ‘The aaah 
a are in considerable detail i in order to enable other engineers to grasp the es 


- sentials of the design and construction and to indicate the magnitude of the 
ATi, 
work. Certain features like the hydraulic-j -jump mixing flumes- are a 


_— from the old methods of mixing chemical solutions with the water 
2 be treated; the design | of the coagulation basins in providing a straight | ; 


io through them » with no baffles is an improvement which has proved | en- 


* = tirely satisfactory i in practice and which is a departure from existing methods; / 


and the use of the sharply sloping floor in the coagulation basins for the dual. 
7 purpose 0 of ' reducing the he height of the outside w walls and facilitating or 


The design and construction of Baldwin on account of its size, 

should be « of considerable interest to engineers, ‘since it is the largest covered 


concrete ré reservoir that was ever constructed. . The of introducing 


the water the reservoir and drawing it off in “order to provide good circula- 
tion is a point of interest. ‘groined arches used for the roof have ‘the 


ature that the figures given should be particularly v aluable since repre- 


sent the careful analysis | of all the contracts involved in the project. 
: ‘The plant i is adjacent: to the Park System of the city and a ‘proper archi- i 


treatment was essential. buildings present a most imposing 


a appearance and the beauty of the design as a whole has been rarely, if ever, 
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‘This Society is not responsible for any statement made or expressed 


PAPERS AND DISCUSSIONS 


simplicity of ‘design and economy. Simplicity of design is achieved by 

use of structural proportions that avoid the ‘complexities of the “thick arch”, & 


a4 That the controlling ; principles hereafter noted, and the ends to be sought, 
are now recognized in some quarters, is evidenced by several recent dam > 


esigns, but it is believed that this conception may advantageously be 
_ urther than it was in these instances. — _ The purpose of this paper is to present 


the orderly development and application of certain basic principles, carried 


is “apparent that the efficient conerete arch is one in which ‘the stre 
’ a approximately equal -ACTOss- any section; that i is, in which the line 


thrust approximately coincides with the neutral axis. . This condition is most 
nearly obtainable in a dam composed of thin arches; it is impossible to secure 


in “thick arches.” Furthermore, as arches depart from the “thin” classifi- - 


@ ation, and approach the “thick”, the relation between the ra adius, , the thickness, — 


and the central angle, has important consequences upon the stress 
tion; and, other things being equal, the maximum angle will generally give 


minimum stress. these considerations in view, a typical structural form 
and layout has been developed by the writer, such as will permit their attain- au 


ment to the maximum practical | degree. The topography at the site 
obviously a controlling feature but, for typical conditions, ‘the desired results — 


a 1—The use of a ‘of to the thrust of ‘the upper 
%. arch elements, thereby reducing the required maximum arch span, and hence © 


NoTz.—Written on this paper will be closed in August, Proceedings. 
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ARCH DAMS” 
—The sloping, stream from of tie. ‘crown of 


the dam, thereby securing the minimum radii for the lower arch elements. ae . 
—By the subdivision, where. indicated, of the total arch thickness into 


“two or more Separate arches, or arch laming, thereby keeping t arches 3 
“thin”, or ‘relatively so, and throughout the dam the correspond- 
buttresses as. ‘grextly increase 1 strength of the latter, ‘and to provide 


ample over-stress in this quarter. ‘Prineiples 1 1 and 2 have 

_ been applied | by th the writer to the design and construction of a dam hereafter 

described. The method of lamination has been. adopted i in principle by French 
a large dam now under construction. It is believed that the 


method pr by the writer is as ar and possesses some advan- 


« 


Fa) 


during the ten years, much attention as of: 

: arch and ‘multiple- arch type. | This is “evidenced. by ‘the large number of 
eee studies p ublished | during this period in the United States and in 
foreign covntries.* "Tests and experiments were made on a number of dams 
and on laboratory ‘models, determine within reasonably close limits. the 
aws of the distribution of stresses in arch dams. The most signal advance — - 


in this connection was s the construction and sucessful testing of the Stevenson 


improved upon, ‘and the theory of ‘thick arches ‘was developed. However, 
apparently ‘it was found that this theory hon & rather limited field of applica- : 


as 3 in arch and arch dais of height and 


tha 


tion, since it often becomes necessary to. abandon the actual arch as a struc- 
tural element, and have recourse to a contained “secondary arch”. 


‘This “secondary arch” ‘is ‘assumed the entire water load, and is 
analyzed accordingly. The basic assumption related to these secondary arches, 


See Bibliography in Report on Pam, Inyeatigation, Am. Soc. C 


Am. Soc. C. E., Vol. 90 (1927). p. 
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inside the primary thik arch, is that numerous cracks are formed in the ten- 


-intrados- at crown. aa other ‘words, the most advanced theory : serves 


aa that, in some instances, the structure cannot function as built, and in 


such ¢ cases it is customary to neglect the concrete that i is presumably cracked -_ 
or in tension. The conditions which determine the secondary arches are Ga 
complex, and involve some rather uncertain assumptions ; but even this 
solution we were clean cut and definite, it would still be » open to the objection — 
to place deliberately i: in a dam conerete which it is assumed will be 
structurally inoperative, is not in ‘accord with efficient design or engineering. 
tea In his early studies of arch dams the writer was impressed with the diffi- 
culties involved in a theoretically exact analysis. His further studies, and 
the knowledge derived from— the published work of others, have ‘served 
, _ strengthen his original impression. mm: appears that each advance made in the 
development of the ‘structural theory, has" not only introduced — 
mathematical complications, but necessarily has" involved fundamental as- 
- sumptions. which are admittedly uncertain of determination. _ In other words, 
despite the great ‘advance that has been ‘made i in ‘mathematical. analysis of 


~ arched dams in recent years, the inherent: complexities and uncertainties of 


Sad When a structural type is such that its analysis is complicated and unc uncer- — 

tain beyond a reasonable degree, and when it is evident that primary struc- q 
tural elements cannot function as 18 built, a a modification of. type, such as_ to 

result in simple relationships, is perhaps indicated. Great complexity of 
design ean: only: be justified by producing corresponding efficiency, which is 

questionable in the case of the present thick arch dams. 

wt Some of the major difficulties encountered in the analysis of the current — 
type of arched dam are a result of the use of thick and flat arches. — The con- Z 


are twofold: ‘First, as regards the actio. 


peeks under water | loads, as in n the upper part of a Shin arched dam, j is selatively 
determinate. Itm may also be readily shown that, ‘regarding arching 

action only, thin arch usually far more efficient than the thick. 
silos as the arches themsely es are concerned then, it would ‘obviously be desir- 
Sakis. to keep them as thin as possible, within practical limits. As the thick- “ie 
of the _arehes is reduced, the flexibility of the vertical o or cantilever 


ements is increased i in very much greater propertion, resulting in a greatly 
educed influence of these elements , and an increase in the proportion of 


a On the other hand, an increase in the efficiency of the cantilever elements 


_ (by inereasing their, thickness) can only be “accomplished at the expense of 


of arch efficiency. In other words, it is assumed that the 


efficient arch may be taken the goal of attainment, material 


e preceding considerations in view, the “for some ue 
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would eliminate or reduce s some of the difficulties and ‘complexities of the Mig 

aan eurrent thick arch type, and, at the same time, give a structure of greater E 
efficiency. The purpose of this ‘paper is to describe the type of structure 


2 evolved and the manner in Ww hich the desired ends are accomplished. — ent & 


daa ay‘ what has preceded, it was stated that the thin arch, subjected. to water ae 
loads as in a dam, ‘possessed marked ‘advantages | over the thick arch under 


is show! 
similar conditions: T his fact is probably well understood, but it will be = ee 

to summarize here these relations in greater detail. “at Batresses 


‘ 
As has. been shown by recent investigations, t the influence of rib- “shortening, — ety 


temperature, and shrinkage becomes very marked as the arch ‘thickness is arch thi 
nereased, Their effect is to create an eccentricity the resultant thrust of these 
and, therefore, an unequal distribution of ‘pressure a across the section, tending values 0: 


toward « or tension at the erown intrados and at the -extrados at the The 


Tee 


‘evlinder is one of ‘the ‘main ‘reasons is 


= 


all, or all, of the "theoretical investigations of the arched dam, 
wherein, 


q 
the analysis has been based upow horizontal elementary arches, consequently 


“he the primary elements, carrying maximum ‘stress, Depending 
upon the layout of the dam, other considerations, the actual primary 


= elements may be horizontal or inclined, but it is probable that conclusions a 


pertaining to horizontal elements will be » applicable in kind to inclined 
aah: elements, and will serve as a measure of the conditions obtaining i in the latter. .  _Bthis valv 


The complexities introduced by a consideration of inclined elements would 


7 prohibit | any generalized theory y or conclusions, in the interests of which it is. 
permissible to adopt the horizontal arch element as the argument, ma. 


that the results thus < 


this, the writer follows his predecessors. Leys 


T ‘he following notation is used in the paper: 


= ‘thickness of arch, in feet. nf al 


mean radius of arch, i in feet. wi vie 
, = radius of extrados, in feet. : 


= angle described by any radial line moving from the crown tow ne ty the t 


6, = cylinder stress, in pounds per square inch, 
4 = rib-shortening ‘stress, in pounds per square inch. inthis 
= stress corresponding to a drop in temperature. tis in 


r= normal pull due toa drop of vomperntate per foot width of arch, = 
Lighth 


7 “De 

= = number of laminae in the arch dam under con 


| 
— 


dam, 


na ry 


310ns 
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modulus of elasticity of arch, in per inch. 
= coefficient determined from Figs. 1 and 2 (see Equation (5)). 


Mig coefficient determined from Figs. 3 and 4 (see Equation (7)). | vi 


« 


ANALY SIS OF STRESSES IN CIRCULAR Arcues BY MEANS OF 


From formulas and diagrams* by William Cain, M. Am. Soe. E,, 


is shown that, other things being equal, the rib- shortening and tiie 


stresses are determined by the 2 8 and the ‘ratio, 

arch thickness to the m mean radius. ‘It is evidently « desirable to use such values 
of these quantities, in 80 far as may be practicable, | as” will mit minimum 
values of these stresses, and, hence, r maximum efficiency of the arch. —— 


The normal rib- shortening pull at the crown, per foot width of arch, is 
given by the equation,+ 


— 

wherein, K’ 

‘ikewise, the equation for cy er stress 


iv 
The rib- shortening stress at any section may be expr esse d siete ol, Jon. ‘te iy 


| Substituting the value of H, from ‘combining anid 


6 6 Co 2 
thus giving the rib- »-shortening stress in of ‘the stress. Fos a drop 


in temperature, the normal pull at the crown per foot width of arch i is given 


by : 

In this equation, T is s considered ec is in pounds per square foot, and 


tis in feet. After reducing E to pounds per square i inch this expression . 


a 


“The Circular Arch Under Normal Loads,” Transactions, Am, Soc. C. E., Vol. LXXXV 
(1922). p. 233; see, also, “Design and Construction of Dams,” by Edward Wegmann, on 
,,,,1 ‘Design and Construction of Dams,” ” by ‘Edward © Weema M. 
Uition, 1927, Equation (9), p. 445. 


Loe. cit. Equation (14), p. 448. 
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; identical with (3), except that is replaced by Be e ‘The 


for temperature stress at section may be to read, 


(7) 


OR 

simple quantities have been ‘computed, the ‘same coefficient, is 3 applicable to 
determine both the rib-shortening and temperature stresses. _ 
aaa Values of C corresponding to extrados and intrados at both crown and abut- 
_ have been computed and plotted on Figs. 1 and 2. It is believed that 
; these curves present the required values in such form as to give a a clear | pieture 


of the influence of the variables, over a wide range. ben 


ag wk approaches zero, the stress approaches the simple 


——eylinder: stress. It is interesting to note also’ ‘that (within: the range of the 


“curves) except for very Jar ge angles, the coefficient, C, and, » hence, the stress, 

——— as — increases from ‘zero Up to some point, and then decreases with 

further increase in — . In some cases, and for the smaller die the maximum 


‘dai curves 

S that not for all conditions the rib- shortening and ‘temperature stresses are 

- decreased by decreasing 1 the arch thickness and i increasing the central angle. 

Bae. sign of the coefficient, C, determines the | sign of the rib- “shortening 


| 


stress, 6,, and also. » that of the temperature stress, 6 , fora drop in tempera- 
} I 
is the only direction that need be considered. The total 


stress due to load is evidently equal 
Obviously, there is tension on the section when C is negatively greater than 
8 — 1, 0, so that the horizontal representing this value on the charts defines the 


"limiting conditions for absence of tension due to load forces. 


asi 
a From the standpoint of design, ‘it may sometimes be advisable to fix 6 and 
to secure such values of — and 2 
‘condition, the value of 6, must equal aang © hich must be obtained by trial 


/ ah inspection | of the curves will show that the maximum compressive § stress 


occur at. the | abutment intrados (Fig. 2(b)), and the minimum cc compres 
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stresses, due t These would be further 
increased, of course, by the temperature stresses, so that the combined stress_ 
may readily become critical = 


| 


LATIN 


Tis 


stre ‘rib-s stress is equal to 
imately equal to 15 TC. The coefii- 
“ent, 15, corresponds to H = 3000 000 Ib. per sq. in., and e = 0.000005, which 
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Fic. 2.—VALUES OF COEFFICIENT, (0, FoR ABUTMENT 
To illustrate the use of Fi : 

. Itis required to find the stresses at the 


d T = 10° (drop) 


in arche 
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TABLE 1. -—COMPUTATIONS ‘TO Derenaise “STRESSES WHEN 6, = 


—" 


50, 


4 


Crown, extrados.. 
Crown, intrados 
Abutment, 
Abutment, intrados.. 


me 


square inch, 


ylinder stress, in 
pounds per 


Column (2) 


Rib-shortenin 
xX Column 


7 


stress, in pounds 


per square inch 


(4) 


stress, 


in pounds per 


square inch 
Column (2) 


Total load 


4 
4 


mop | 
| 


stress. in pounds | 
per square inch, 
15 X 16 X Col- | 


T 


+ 


oom | 
Tao | = 


— 


stress,in- 
cluding tempera- 


Total 


ture,in pounds 


per square inch. 


_ The x writer is aware that the eu curves in Figs. ; 1 and 2 have b been n preceded 


From his } point of view, | however, “the curves herewith present the: facts 
in a somewhat ‘simpler and ‘more directly” usable form, particularly in 
the coefficient which they give is applicable both to rib- shortening and ‘ie 


perature stress. This reduces the number of charts and functions with wh a0 


the designer must 


deal. 


The coeflicients, ‘can obtained the curves without difficulty, with | 


aprobable error of not more than 1% or 2% of the higher values. The accuracy ew 


is, therefore, sufficient both for the purpose of design and analysis of stresses: 


in arches, of given dimensions. 


theory given by Professor Cain.* 

and 2, is from about — 2.1 t 


Rig 


Professor Cain’s theory. 
be noted, however, the values of K correspond to (1 +0); in Figs 


and 2. f The total 
tin: : Total load stres 


aches there in “only a small difference between the values of 


. The difference becomes more hate for 


thicker 


si), * Transactions, Am, Soc. C. E., 
Vol. 90 522, 


+ 0). 


They were computed on 
The range of the coefficients, ¢, in Fi ‘igs. » 


n the basis « of the 7 


+14 which is very “convenient practical: 


arches, that is, ad larger values of — 
— to use Figs. 3 and 4 to find values of K for thick arches. — For 


designing» purposes: 


arches, computed « on the basi 


4. It 


stresses, therefore, are obtained directly by the rela- 
is equal to K times the cylinder stress. othe 
: comparison ¢ of i two sets of diagrams shows that for 


relatively thin 


Vel. LXXXV (1922), p. 233. idl Ob 
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_ For simplicity of “layout, and because this is sufficient for preliminary 
design, the arch ‘sections are made circular in n horizontal planes, with radii 
decreasing crest to foundation. The crown of the dam is given a 


| 


=H 


|| |@ VALUES OF K AT INTRADOS 


= 


015020025 030038 040 


a 


Dounce slope up stream, below the crest, making this section overhang down 
stream from its foundation. The stream slope of the arch. crown of acone 
rch dam ‘involves. many of ‘the advantageous features that were used 


much marked success in construction of the Coolidge (multiple- 
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LAMINATED ARCH DAMS 
dome) Dam. However, in the cone arch type described in this paper the over- 


hang of the upper arches is very much smaHer than in the Coolidge | oni 

so that the form work will be much simpler. 
belie Tt is is not “necessary, of course, that the shape e of the dam conform to ar any 


- particular geometrical figure, but it is helpful to have in mind a certain funda- i. 
"mental conception, which will be more | or r less i in accord: with ¢ the actual form. 


as parts of he surfaces of the halves of two elliptical cones, their axes being 


‘inclined, and their apexes pointing downward and up p stream. The half cone 


of these cones will lie in the same plane, and 
may or be either coincident or parallel, depending ‘upon -propor- 


& 
of the s structure and the choice of the designer. 
Ina practical layout the "purpose obviously - is to fit the dam most advan- 
pe to the site, not the attainment of perfection of type i in geometrical a 
outline; that is, the circular ares: must be adapted to suit the topography. — 


Consequently, departures ‘the ideal will ordinarily be and his 
e be considerable | in some cases. _ Instead of the. surfaces of the > dam | being © _ 


determined by parts of two cones, the axes of which ‘weld be one or two 
£ straight lines, this surface may be determined by parts of a number of cones, : 


= giving axes which. would be a broken line, or lines, or even curved both in 


plan and elevation. In the latter case the ideal figure may | be coneeived of as | 


a The upper arches of the dam, for such height as may be suitable, are sup- 
ported by a an abutment which is a a combination of f special | buttress ; and gravity 
wing-wall, the latter effecting the closure of the reservoir between the ends 
of the arch and the adjacent side hill at the same elevations. This arrangement e. 


a is an impor fant feature of this type of dam, and makes possible the attainment 
* b The use of the buttresses and the sloping crown reduces the radii, and 


hence the required single arch thickness, to the least practical value. ‘When 


the height of the dam becomes such that even this thickness: given an 


- sirably” high value of — , the thickness is further reduced b ‘substituting two 


or more_ concentric arch rings in ‘contact, for the single arch that would 


-otherwi ise be required for the direct stresses, Tn other words, the arch i is lami- 
“nated as to keep the: values of — acceptably low, except that 
Number of of course must be kept within practical limits. 
The idea of the cone- “shaped arch dam is not new, although it is ‘believed — 


that the ‘Present application of the idea i is different i in several ‘respects from its 


in 


pers. 
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ies 
ments to ‘sécured the: maximum nor 


have such developments pointed out the principles through application of whicl 
The idea of arch laminations, in the manner suggested, is whieh 


ccurred to the writer some years ago; but in the sense of actual application in | 
pri nciple, it already has a precedent in a large dam now under construction . 

in Fr rance, w hich \ will be fully described hereafter. to odt Yo ak 


its GENERAL Principles or Cone Dam Layou 


actual topography of ‘site 18, of course, governing feature in 
ny dam layout, which should be such as properly to fit the | ground and, ‘ee 
th 1e same time, satisfy the desired theoretical properties. In any actual layout, 


? 


some compromises must be made between these two aspects of the problem. 

‘There a1 are certain general principles, however, which ean usually be adopted 
control the layout, and which will do so in the case of the typical site to 
Sy mmetry of ‘the arches: about the crow n is ‘obviously desirable, a nd to May 


_ principal axis of the canyon at the dam site; that is, essentially parallel to the 


contours in the: vieinity of, the ‘mid- height of the dam. Unless 


artificial abutment is prov vide ed, the arch element at any ‘elevation 


iti 
cure this the axis ef the cone should lie in the same vertical plane as . La 


its inters ections with the foundation of the’ same Fur- 


_ thermore, in any vertical plane, there should be an easy and suitable trans- a 
one between the surfaces of elements a t different ‘elevations; that is, the 


4 


"position of the axis and the slope of the crown being fixed, the radius at any. &§ tof | 
od elev ation will be determined by ‘the condition that the are must pass ; through | eer 
the erown point, and intersect the foundation contours of 
t= 2 elevation, ata point which s satisfies the required outline of the structure. It i! a the 


follows, therefore, that there will be a a “certain relationship, although indeter- es 


between the radii and central angles throughout the dam, the form cro} 
of each element being. determined i in a measure | by that of the one previously 3 10:4 
3 - determined. ‘The primary a arch element to be ‘established in ; a dam layout is 4 that 
2 naturally that one at ‘the crest, _and for the reasons previously stated, ‘it is a inte 
important that this be so chosen as to the conditions in the dam 
Within it is the purpose of this layout to obtain: mini- 4 nel 
num radii of arch elements and reasonably large central angles at the different - a appe 
elevations, but this does not mean absolute minimum radii. It always 
possible ‘decrease the radii by increasing the central angle, but beyond 


eertain point this would be wasteful. Furthermore, if the radii in the bottom 


of the dam become too small, the : shape of the corresponding arches is not accept. ; | 
able. _ Accordingly, the crest arch element should have a fairly large radius, - 7 
ten 


100° between the controlling 


consistent with a central angle of about. 80° of to 
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ties of sation; rie failing to provide in full for the requirements | 
of an arch abutment. _ Incidentally, , the abutments promote symmetry ¢ of the | 

arches, which is very desirable, as indicated by the tests on the Stevenson 
Creek Experimental Arch Dam. IE liv tote alt lo 


Generally , the two forks of the abutment are placed in such directions 


pelative to the direction ‘of the arch thrust. that ‘the thrust is divided into two 


components supported by the buttress proper and the gravity wing-wall, respec- 
tively. The topography at the dam site is usually the guiding factor for the 
best of the two forks of the abutment. ante 
_ For the purposes « of design, the buttress is assumed to support it its component 
a the reaction of the abutting horizontal arches. _ The thickness of the but- 
tress at any eley ‘ation is constant and the same as the end of the arch at that 
elevation. Consequently, the buttress may be considered to be e formed by 
= To insure safety of the buttress against sliding, in addition to the ord 
¥ construction precautions, the layout of the dam should be such that the b 
2 of the buttress slopes up the hillside from the end of the arches. 4 tg _ 
same point, the top of the buttress may slope downward at the Tate of 2: i,, 8: a 
ora any other suitable slope warranted by the conditions. 
The height of the buttress, of course, is determined by judgment and 
‘economy, but in the writer’ s opinion there is one consideration ‘ek: may 


beg given some weight, providing an additional safety factor. 


Since the crown of the dam is sloping, the actual load- -carrying 


z elements | will be inclined, py hence only a part of ‘the arch load above the | 


bottom of the buttresses will be transmitted to them. The exact inclination 
true dlementary arches cannot be atven as a generality, but it will ‘prob- 
ably be approximately \ correct to assume them as normal to the slope of the arch 
crown. If the latter is taken at 4:10, the slope of the normal arches will be : 
10:4 with the horizontal. Th e height of the buttress can then be made such 
4 ‘that the top inclined arch element | (through the crown), if produced, vend 
Intersect the base of the buttress and thereby abut directly - against the rock 
foundation . Actually, then, the upper ‘portion of the buttress will r receive 
the reaction only from that part ‘of the dam lying above the uppermost 
Inclined elementary arch. The stability ‘of the buttress, 
= to be established beyond question, if its down- stream slope i is as flat or ces 
latte er than, say, 9:1)" In fact, the horizontal arch elements abutting against 
. the buttresses will wet more or less monolithically with the buttress. . The 
buttress could evidently not be overturned or otherwise overstressed without. 
4 “the entire arch- buttress | monolith -fanctioning. Horizontal keyways. in the 


ft planes of the vertical joints in ‘the arch and between arch and buttresses. a 


- tend further to make monolithic action positive. Steel reinforcement ex extending — 
from the lower parts the arch toward and into the buttresses would 
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give an additional assurance of monolithic action, but such reinforcement, in 


the arches of arch dams function more or less” monolithically 
proved by the fact ‘that recently in two arch one abutment was, 
washed away leaving the upper arches without: direct support. Nevertheless, 


The gravity wing- e-wall, ‘which, together with the buttress proper, forms 


— 


the forked abutment of the arch, » will also. effect the | closure of the reservoir a 


between arch and side ‘hill. . This wall is ‘supporting its share of the direct 


ba water pressure by ordinary gravity “action and also the ‘component : of the arch 
ag thrust acting in its direction. 7 The cross-section of the gravity y wing a adjacent 
to the arch i oat usually relatively large and the stresses from Salita action are 


The component of we arch thrust acting on the gravity wing- -wall, stresses: 


action. buts laterally against ‘and 
the arch thrust ‘component in the gravity wall is thereby transmitted directly 
4 to the rock. Assuming a properly stepped foundation, a een i up hill, or an . 


conditions, a ‘relatively small of the — 
‘may be supported by | the gravity wall bien of the forked abutment. It is 


evident, however, that because of its greater cross- “section and consequent 


smaller deformation, the gravity ‘wing-wall would take an increasin gly 
proportion: of the arch thrust if the primary buttress should be —— to 


‘The gravity wing- -wall serv 


SI two distinctly different purposes, perevnireny ich one of the main advantages of 


it is true that a /$0- -called gravity tangent may work on the same prin- 


in general, a gravity tangent will not ‘permit of decreasing 


> 


. mn o of the arch as much as s a forked abutment, except by ‘running it it 


would thus be very high. In addition, the arch has a tendency to deflect down 
stream: and, therefore, it exerts an appreciable torsional reaction on the sup- 
= porting sections of the gravity wing. ‘This action, combined with ‘the “shear. 
ie due to rib-shortening and temperature, results in an additional force upon 
the gravity wing for which this is not ordinarily designed. In other words, 

if a gravity tangent to to an arch dam is ‘probably the weak link, whereas the 
forked buttresses as here indicated are believed to be the strongest part of t the 
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_ The. arches of the cone type dam are > cireular in a a horizontal plane, 
because of the sloping crown « of the dam, and in accordance with the law 
of least work, the a actual working elementary arches will be inelined. . The 
effect of this on the probable reaction carried by the buttresses has been noted. 
It is evident, also, that the inclined elementary arches ‘possess the advantage 


of carrying their reaction downward into the foundation, instead of hori- 


pie The slope of the cone type of dam permits a much greater variation 
arcli radii between crest and base than in the ordinary type of variable- 


radius arch dam. Thus, : for a given span and corresponding radius at the crest, 


the radii of the ra arch elements can be | decreased considerably, usually to | 

7 
-one- -half or less of the length of the radius” at the | crest. At the same time 
‘the central angles of the elementary ¢ arches of a cone dam can be kept reason-— 


ably large, ‘say, 100° to 110°, or more, resulting i in a better d distribution of the 


over the section, for reasons previously giv en. en. 
_ Another feature the ‘sloping crown n, and consequent overhang” of 


“the structure suitable as an overflow d dam. confining the x 


overflow to the central ‘part of the crest, the falling sheet of water will be ie 
A 


‘thrown | well down stream from the footings, 

critical erosion. _ Depending upon the character of foundation 
and other conditions, it may be permissible to allow the formation of 

natural pool; otherwise, a a suitable artificial pool me may be created by the ‘con- 


The planes of lamination are ‘concentric, are 
and the surfaces are ‘painted with asphalt, » OF 0 other r suitable joint material, | 


permitting minute ‘movements and adjustments between the separate arch 


sections. The typical manner in which the structure is laminated is shown 
iy The structural functioning of a laminated arch dam is ‘approximately as” 
follows: The full water pressure in the reservoir acts on the up-stream face hi. 


the up- -stream arch lamina. Under such | pressure this first arch lamina 


> second arch. “This latter, will take a proportionate a amount 


~ lamine will ‘take place. __ Thus, neglecting for the present the effect of f can-— 


action, each arch lamina will take such | a proportion of the total water 
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‘The r radial writer pressure wilt be divided between the three, of 
' in proportion to their deflections under a unit of load. The actual deflections, “a 
of course, , are the same | for all three arches, if the compression of | the concrete _ 
ikiate! the radii, thickness, and central angles of the individual arch lamine ibid 
- _— exactly the same, it is evident that the water pressure would be divided ciety 
“equally between the in order to produce the same | deflections, 
y p 
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wi Fig. 6. —HorizonTaL SECTION THROUGH A \MINATED efficie 


Howev er, the arch radii will ‘differ by lengths 3 corresponding: to the thick- 
ness of the arch lamin, and the radii of the’ down- stream arches will always 


be ar 


Ck 


also { 


arches ‘will usually angle than ‘the up- stream arche 
= ¢ Generally, these two factors will tend to. compensate each other in thick 
~ the influence upon the e deflection of the v various aneh _lamine and their ability gene! 


will be a relatively simple matter to determine in each h case the pro- 


portion between the thicknesses of the individual arch lamine, i in order to 


secure approximately the same stresses in all of them. sta than 
The joints between the arch lamine incidentally will subdivide ‘the vertical 


antilevers of the dam into cantilever lamin. The deflection ‘of a eantilever Mate 


4s 


under a ‘given load is inversely proportional to o its moment of inertia. In the q - pour 

ease ¢ of a cantilever, 1 ft. wide, cut by assumed vertical planes from a dam, .) * ] 

- the deflection due | to a given load is inversely proportional to the third power » 2 lami 

‘of the thickness. Then, for a cantilever with n lamine of equal thickness, 
=. and assuming further total load to be equally the 


laminae, the deflection of each lamina is” increased by — 


other words, the deflection of ee cantilever i 
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ompos 
it: "square of the number of laminations. Consequently, the cantilever of 


hing 7 laminated arch dams will | be more fle flexible and the bending moments at the 
5°! B hase of the cantilevers which in a monolithic dam would be likely to produce : 


lections 
seneinel cracks between the dam and the foundation at the up-stream face, are greatly 
; ae reduced. a Furthermor e, each cantilever element will be bent individually, thus 
— giving g¢ a better stress distribution upon the foundation than in a “monolithic 
“he ‘The laminating slightly increases the deflection of the arches. . The deflec- 
Ss 
tr tion of the vertical elements ‘is increased in proportion | to the square of the 
= number of laminations. A greater proportion of the load therefore is thrown _ 
“upon the arches, near the base of a dam; this is desi able because _ 
it increases the efficiency of arch action. 
The effectiveness of laminating the of thick arch is 


‘from the f following considerations. — S Suppose it were practicable to subdivide | 


an arch dam having a radius of 100 ft. into a number of very thin concentric — a 
arch lamin, say, 1 ft. in thickness, each. The dam would then be composed 
of extremely ‘thin arch rings for which the cylinder | formula would be appli- os 
cable with a relatively small percentage | of error. The: vertical cantilever 
elements would | be so thin and flexible they would tatty only 
‘avery small percentage of the load except in the immediate | vicinity of the 
foundation . The cylinder formula, therefore, would be approximately valid 
for such a structure and the water pressure would be transmitted | to the arch 
“sbatmente by practically uniform ‘axial compression the thin arch 
From the theoretical point of view this would ‘result in maximum 
“efficiency, and for a giv ven allowable unit stress would r require a minimum of _ 
“concrete. In practice, this ideal, of course, can not be attained, but it can 74 
bes approached by providing a ‘reasonable number of laminations. wenn UE 
It is evident that the principle of Jaminating arch dams m may be applied — 
te to arches which increase in thickness toward the abutments as well as to 
arches of. uniform thickness between abutments, In fact, arches which are 
thicker at the abutments will be most critical stress is 


on the dow stream side of the joint may be built one > lift of, say, B ft. higher on 
than the adjacent -stream arch; the -up-stream forms of the higher arch 
rtical ‘ _ may then be removed, and the face painted with asphalt or some other — 

Material: to > prevent bond across the joint. . Then, the up-stream lamina is 


directly against the face of concrete so treated. ad” Yo 


may be provided with a water- membrane, thus. giving 
assurance that no ‘seep through to down- stream face of 


intervals: of, say, 20 to 40 any water -Seeping through the -stream arch 
may be drained off ta nti Hib ods herpes M5en 
simple method of producing a cold joint between the arch lamine, would 


be to place and ‘aie hold i in position, a continuous sheet of impregnated — = 


la 
> 
— i 
wh 
thick- § 
stream 
her 
rbility 
— 
c_ 
ower 
— 


burlap or elastite and then pour concrete on both sides of the : seat i This a 


provide a joint, at a minimum interference concreting. ha 
«Tt is important that the lamination of an arch dam be arranged so that 


- highest lamina is at the up-stream side of the dam. _ The other | Jamine 


are placed i in steps down stream fro from the first lamina. The laniine are not 
connected with each other, except possibly along the foundation. “Any water 


that might seep from the reservoir through the first. arch: into the joints 


between the laminw, can easily be drained away, if if desired. may also 
alas “choose to permit a film of water to accumulate in the joints between the 
| arch that each be ‘subj jected to a definite 
joints: would be likely to 


G * 
a escape from them over the tan of ‘the differ mare lamine, or could be drained 
in a lateral direction at any desired elevation toward ‘the arch abutments. 


oc any case, i it is quite obvious that none of the individual arch lamine could 


ever ‘be overstressed by excessive hydrostatic geesense in a joint. 


Fig. q shows the plan, elevation, and cross-sections of a eee cone 

arch | dam proposed to be built for an irrigation project ir in California. In In 
order to insure positive » and “unfailing action of ‘the drainage system i in the 
joint between the arch lamine a number of overflow openings are provided 
along the top of the lower arch lamina. i “Water rising in the joint to the top 
(of the lamina would d immediately drain off, and “thus prevent lower arch 


amine from being “subjected to excessive hydrostatic pressure. In addition 
=a these overflow openings « drains are provided in the joint leading to : an 


drainage tunnel extending along the of the arch. 
From this inspecti 
necessary. ‘Thus, there is no possibility of the _down- ‘tren 
ever: ‘becoming overloaded through clogging of the drains. 
‘The f factor of safety of. a laminated arch dam can be ascertained by mc model 
eal tests in a relatively simple anner by loading each arch lamina of the » model 
separately to the point of Waking. . The difficulty and expense of ‘securing 
‘sufficient static pressure to produce failure of each arch lamina ‘separately, 


is evidently much smaller than if a model, of the complete dam were tested 


to destruction. odd to ahem ann they. | 
‘investigation was. made to determine whether friction in 


joint might prevent the sliding of the arch lamine upon 
other, thus defeating to some extent the purpose of laminating. — Assume an 
elementary horizontal arch with two arch lamine at a depth of 200 ft. eek 
the crest of adam. The water pressure at this depth is 62.5 200 = 12 500 
per eq. ft. The up- stream lamina i is assumed to carry one- -half this pres 
“sure, the other half (6 250 Tb. per sq. ; ft. ) being transmitted across the joint 
to the down-stream lamina. Assuming a coefficient of friction in the asphalted 
joint of 0. the frictional _resistance the e joint, therefore, | would be 
~~. 5x 6250 = = 3 125 Ib. per : sq. ft. (22 Ib. per sq. in.). _ This is rather small i 
as compared to to the difference in st in stress in the concrete on opposite sides | of the | 

joint, which may be as much as as 200 to 800 lb. per sq. in. is evident, 
between the arch lamine 
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is not likely to restrain them 1 sufficiently to — stresses materially from 


_ Another investigation made to determine whether ‘the down-stream 
arch lamina could be seriously overstressed if water were to seep through =e 
up- ‘stream lamina into the joint. ‘ ‘The drains in the plane’ of the joints are 


- 


_ provided to carry off such seepage water. In case the drains should | cease to 


function, water might accumulate in the "joint and produce a an excess of 

pressure on the down- “stream lamina. "Assume such a contingency to occur, 


The » down-stream arch might be overloaded by 5%, but at the same time the | 
the up-stream arch i is decreased by the same amount. The down- 
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in te: joint would over the top of the down- 
a thus reducing the loads of the two lamine again to normal conditions. 
In ease of differences of the temperature of the e up-stream and down- stream 


— and 
uni 
the: 
— | 
asst 
‘thi 
5% + 5% = Lin 
by the san under amine wo 


The maximum allowable arch thickness, and hence of 


tions required at any elevation, depends, of course, on the design sangeet _ 


and working stresses, Assuming the preliminary design to be based on a 


‘uniform stress of 350 Ib. per “sq. in. the cylinder formula, and assuming 


the actual critical stress to be’ the tension at the abutment, it is indicated f) 


that the maximum uniform ‘thickness ‘about 0. 15, 
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assuming at about 90 to 100 degrees. Recourse to laminating is not 


necessary at this ‘point, however, as" the critical stress can be reduced by a 
thickening 1 the arch at the abutment. The point at which the first or subse-_ 

quent | laminations are required, is, therefore, a of judgment d dependent 


Fig. 8 (a) is a typical horizontal ‘section. the dam shown in Fig. 


5 at Elev ation 7140. The arch at this elevation is thicker at the abutments © 7 
than: at the crown, bok in order to simplify the computations for the present _ a 


‘ ‘purpose, it will be assumed that the arch lamine are of uniform thickness — 


Table 2 gives the stresses at the crown and in ‘the two arch 


nine » and, , by: way of commparioom, also i in the unlaminated arch. — 


BS wine 


tof 
a in. 
| 


Cylinder 10° D f 
Rib-Short-| “Plus | rop 
ening. Rib. short- 
i 


feet 


Radius at center line, r. 
Central angle, 21, in degrees. 


OR 
Abutment. 


~ 


Extrados. 

Intrados 

Ao, Extrados.. 

Ag, Intrados . 


the values given in 


Ib. per sq. in. in the laminated arch, in monolithic arch the 


+ ‘maximum stress at the same point would _ be 750 ‘Ab. per sq. in. The process ae 
of laminating this arch reduces the maximum “stress at the abutments by Rae 
| 140 Ib. per sq. in., which is between 20 and 25% in favor of the laminated arch. ae 


4 F or laminated arches of non-uniform thickness the reduction i in alaictaie, or the 


pers. 
ig | = 
— 
— 
— | — 
the 
4 
# 
‘iz | 
> 
— 
.... 
att ei arc (7) | (8 (9) | (10) | (un 13) (14) 
245.6, 0.052} 122 | 429| 64|-129| 498/ s00| 518, 20 
245.6| 0.052} 122] 429|/— 70] 125| 359 854] —27| 48 | 602 =) 
232.9/ 0.055] 122 | 420 67 |—135 | 496 | 204) 26|—52| 240 
232.9) 0.055] 122] 429 |—75| 354| 560|—29/ 50| 3 | 60 
239.8 0.106, 122 | 429 | 114 |—249 | $48 | 180 | 44) —96 | 587 | 84 
289.3} 0.106] 429 |—140| 232 | 289| 661|—54| 89| 750 
aie 
‘Thal — 


LAMINATED ARCH pers. 


economy of ; material i in case of the same size of maximum stress that may be | 


obtained by. laminating, i is generally, about ‘the same proportion as for 
of ‘uniform thickness, such as those considered in the i 


- = Fig. 8(f) gives the movement of Arch A,, relative to the arch, A >» In the 
= plane of of the joint betw een the two arches, due toa change of water pressure 
from no load to full load. For this purpose the: stresses _ and corresponding | 


ee at the intrados of Arch A and at the connenpeatin points across the 


tions at the arch surfaces added from abutment to abutment. of 
Each pty was ‘divided -four sections of 
stresses were computed on radial sections through the center of these i 
: s indicated by the numbered points in the diagram. The stresses thus s found 
to be th he average for increment, AS, « of length, and the 
deformation computed “accordingly, on the intrados of Arch and 
extrados of Arch B. Beginning at the abutment, these for e 
‘progressively added. The difference in these sums, for any point, 
7 -_ gives the movement of this point on the intrados of Arch A with respect to 
oj the same point on the extrados of Arch B, which is shown graphically | in the 
‘Thus, for * laminated arch of the shape and dimensions shown in Fig. 
4 8(a) subjected to stresses, as as given in' Table 2, the maximum relative move- 
ment of the two arches in . the plane of the joint would be about 0.05 in. 
s This is very little a nd may take place i in an _ asphalted joint without difficulty. 
5 The maximum sliding movement in the joint of 0. 05 i in. will occur only in case 
% ofa change from no load to full load conditions, or vice versa, and ‘accom- 
panied by a change of t temperature corresponding to. that | assumed in in Table 2. 


e writer’s ‘proposed lamination of thick dams, 
an account of a high dam now under construction in France, in which the 


same ‘principle has been utilized, should be of interest. Since this 3 structure 
represents such a bold departure from is believed that a fairly 


complete description will be i in order. 
The dam is at Marége, on the River, in France.* ‘The lamina- 
tion is effected in a rather different way from that Proposed by the writer, 

but the purpose in view, and except for slight differences, - the 
— tural effects are essentially the : same. ‘The dam, as shown in ‘Fig. 9, 
be composed of 1 five thin arches of reinforced concrete, the thickest este only 

4.9 ft., and separated by distances varying from about 59.5 to 73.8 ft. The 
tallest arch will be about 230 ft. high, the others being lower in 
46 each. Assuming reservoir full, the basins between the individual 


a 


tf * Revue Générale dev PElectricité, October 29, 2 ~1927. 
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corresponding only to the difference of head in the adjacent basins. The 


of load to the ‘several shown in Fig. 9 Arch 


rs. 


“arches be. always filled to 


by float-valves and other automatic ¢ control dev ices. The Dam 


is of the overflow type; the flood-waters ar are discharged over the crest and the | 
basins between the individual arches serve as -stilling-pools 
Before the final plans of this dam were accepted, tests were made ona) 
model of. “100 scale at at the laboratory 0: of L’Ecole Nationa’ e des Ponts et 
in Paris.’ “Mercury was used as a loading liquid. ‘After numerous 


tests equivalent to the actual load conditions of the dam, each indi-- 


vidual: arch was tested separately to the full head to its crest, and with the 


basins s emptied. ultimate factor of safety of between 3 anc 
4 of the model | was | established i in these tests, and the Marége I Dam is 
built i in direct “proportion to the dimensions of the model. 


an This n new w French type of dam offers many advantages from the ante al 


; mental regulations for the cciasaniattiade, of arch dams are much stricter than 
applied in the United States. For instance, the former require the 


__ stresses in an arch to be computed for combined shrinkage ¢ of concrete and 
of 4 drop of temperature, in addition to ) the axial pressure a and rib-shortening from 


water load. ad. The t tension in plain concrete is limited 1 to about 52 Ib. ‘per sq. in. 
a (4 ke. per ‘sq. cm. m.), while in the United States, for instance, the analysis | of 
ae: dams by the trial-load method+ (which was developed a and has been used 
extensively by the U. Ss. Bureau of Reclamation), not only contemplates high 
_ tensile stresses, ;, but numerous consequent cracks in the e arches and cantilever 
Except. in special Cases, under the French regulations it would be prac- 
tically impossible to design and build a high and thick arch dam of the 

ordinary -constant- -radius or constant- angle arch type. analysis would 


almost cer tainly indicate high tensile stresses, prohibited under the French 


' rules. Therefore, the French engineers decided that the logical step would be 


a change in | type of. structure, to one susceptible of rigid analysis. The ie 
Several years ago a ‘Swiss engineet R. Maillard,} Proposed a similarly 
stepped-off type ‘construction, not only for arch but also for struc- 
tures of the multiple-s arch and Ambursen type. 
The Swiss and French designs probably, represent the attain- 


ment in the application of pure logie to the problem of high arch dams, ra 


resulting ina. desien of maximum structural simplicity and determinateness. 
The . striking feature of their plan is that not only is the total load distributed 4 


‘ 40 *A description of these model tests and a photograph of the model are given in 
a “wk La Revue Industrielle, July, 1927, p. 340; see, also, Engineering News- Record, August 30, 


1928, p. 311, and Western Construction News, ‘July 25, 1928, p. 465. ine - aga hal 


“Analysis of Arch Dams by the Trial-Load Method,” by C. H. Howell Am. Soc. 
©. E., and the late A. C. Jaquith, Esq., Transactions, a. Soc. >. E., Vol. 93 (1929), Dp. 1191. 


$ Schweizerische April 14, 1928, p. 
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to a series of independent arches, but it is so subdivided that, except | the 


~ Jowest arch, each one is s uniformly loaded vertically- for the greater part of its hy 
hei eight. This, obviously, tends to a great simplification of structural action, — 
particularly when buttresses are keeping the length of many arch ele- 
Another outstanding characteristic of of this design is the very small Sounds 
| which it requires, except in ease of a great depth of loose ove overburden. — 
It will” be observed that the aggregate width of foundations of the Martge 


Ee is s only about 30 ft. , and this for a dam the « effective height of which is - a 


very nearly 230 ft. 4 This is, of course, a direct co consequence of the very thin eB” 
arch sections, and the assurance that the vertical found: Jation r reactions will be 


ly uniformly distributed. Judging from ‘topography, i in ‘connection 


‘This, of course, be “accounted for by ‘excellent foundation 


bo it might also be due to the fact that the maximum argument for leakage 


‘same consideration is by important justification for relatively extreme 


through the foundation is only the difference in head on the two ‘sides. This. 
may be open to some question, and the plan would require “modifiea- 
Th spite of the great ‘apparent theorctical adv: antages of the design, it is 
such a ‘Tadical departure from ‘present practice that engineers elsewhere e may 


bes slow to adopt it. Also, contrary to its actual functions, the structure as a 


whole presents a rather complex appearance, which may be regarded with dis- 
- favor; the extremely thin concrete sections may | be looked upon with suspicion, = 
% and the form work required may be an adverse feature. Sil. to 
The writer’s proposed method of lamination, while falling short of the 
ideal theoretical aeccomplis shments- of the French design, perhaps sufficiently 
achieves the desired results, more harmoniously with American - 
conditions. Particularly from the standpoint of appearance, the finished struc- 
5 ture will seem to be a massive e monolith, not unsimilar in outline to structures 


OF CANTILEVER INFL LUENCE IN DesiGN 
ot ~ The several design features proposed by the writer will make it possible to i 
a4 obtain» “relatively 1 thin arches throughout the | dam. As pointed out, the 
eantilever: elements will | become comparatively ineffectual. ‘Consequently, the 
elementary arches will not only take by far the greater part. of the load, but. 
y 
will be distributed fairly well in direct proportion t to the water pressures ; 
that is, , horizontal elementary arches would | approximately uniform 
nadial load. The Yeason for dividing the total load between arches | and 
of design from the standpoint of economy, because the canti- 
lever action may result in more unfavorable conditions than if they were 
absent, 1 In other words, if ‘the e cantilever action were 2 neglected, not only would 


oh resulting analysis be entirely erroneous, but it might be actually unsafe 
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te 


| Belden, the t thicker the arch the greater | the necessity for etnniibin’ ing can 


this may be omitted without jeopardizing the safety of the analysis, which will 


| i = action ; conversely, the 4 thinner the arch, the greater the assurance ‘that 


at least approach the actual conditions. wl While the writer does not favor dis- 
~ carding any proper refinements of analysis, itis believed that in the proposed 


design, the elementary | arches might to carry the entire water 


"pressure, and | yet give essentially the s same dimensions of structure as if the 
were ‘considered. At least, the preliminary design would 


the minimum of subsequent modification. The design, of course, may be 

checked and altered if necessary, by the trial-load method,* investigating “i 
suitable number and combination of elementary | cantilever and arch elements. | 

an undesirable reversal of stress at the base of the dam, and to 

4 make the action of the - vertical elements more determinate, a temporary hinge 

be: provided during construction, and later grouted, as as recommended by 


Victor Hi: Cochrane, M. Am. Soe. C. This, of course, would tend to dimin- 


hes 4 As an example of the actual of the 
re by the writer (except that of lamination), there follows a description of the 

; ‘Railroad Canyon (cone | arch) Dam, built in 1927-28, on the San Jacinto 

near Elsinore, | Calif. (See Figs. 10 and 11.) The and 


‘been described and in in ‘connection ah ‘the typical 
dam is of the overflow type, the spillw ray over the of the 

-erest being eee for 30 000 s sec- ft. ‘i The: maximum recorded flood at the site 

is 15 000 see- The -erest overflow ‘will be ‘spilled into a stilling-pool formed 

by a small arch, 20 ft. high, , built about 50 ft. below the dam. . (See Fig. 10.) eS 
Except immediately « adjacent to the crest and, the base, the crown m_ slope 
is 10:4, which | gave a layout suitable to the topography. 
ee Those portions of the arches adjoining the abutments, and also both forks — 
the abutments were strongly tied together v with 1}-in 
bars. The buttress was designed take the computed arch thrust but, as 


_ previously stated, it seems evident that failure could occur only by the sitwul- 3 . 


"taneous crushing « or sliding of both the buttresses and the wing-wall.. This 


ere 


affords a very large safety factor, over and above that provided i in the , design. 
—— highest axial stresses in the horizontal arches due to the water pres- 
The arches: are. of uniform thickness at the 


3 the dam In design, the maximum allowable was s taken 
at 6 600 per sq. -in., and the maximum tension a at 100 Ib. per sq. in., 
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Fic. 10.—Down-StTREAM RAILROAD DAM. 
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The bed-rock at the dam site 4 is slate. In the bottom of the canyon and 
for a short distance upward t the rock is extremely hard, in places almost as 


we 


hard as flint. At the upper ‘elevations: it is softer and fractured into small 
pieces. _ Where the shattered rock was encountered the excavation was varied 
toa maximum of 35 ft. below the original surface of the ground, and the con- 


crete abutments of the arch \ were widened to give an av erage pressure on the a ; 
of about 10 tons per sq. ft. bcd TED | 


A fault line in, and appr oximately parallel to, the river bed, crosses the dam is 
‘ite, but this is considered dead’ ine an opinion given by Roy G. Mead, 


pacatting < Geologist, ‘who made a report on the geologic conditions at the 2 


lam site. ~ Special « care was taken in the excavation at the fault line by grout- 
ng and “deep eut-off work, In addition, numerous grout holes were drilled 


into ‘the rock below the base of the dam , and filled with cement grout v under | 
pressures: of about 100 lb. per sq. in. A cut -off wall was” built along the 


up-stream face of the dam for further r safety against seepage. The coe 


<i? 


ving-W walls ¥ were designed for the hydrostatic head assumed to aes over 50% 

if the area of the base. 


Before deciding upon the for this location, comparative 


wtimates of cost were made for five types of dams. | These studies indicated — 


that the laminated cone arch type would save approximately 20% in cost over — 


the next 4 ead contained less than 50% of the concrete necessary for -. 
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The type arch. dam described in this paper 


hich promote b both simplicity of design a and economy, namely, forked abut- 
~~ sloping crown of the arch, and laminations: 


L fa) | The so-called “forked abutments” take the thrust of the upper r portions 

if the arch. Each abutment consists of a buttress and a gravity. wing- wall 
woured integrally, thereby forming an arch abutment o of large cross- -section 
ind great resistance to shearing, overturning, and sliding. The forked abut- aa 
ments reduced the span of the arch and permit the use of welatively short 
radii and a correspondingly small thickness of the arch. By 

mB (2) A pronounced sloping of the crown ¢ of the | arch, secures short radii —_ 
large central angles for the arch elements below the crest. 
‘ang of the arch in the center will keep the upper arch elements under a. a 


compression when the reservoir is empty, thus preventing the opening of the 


(3) The sub- division of the total arch thickness into two or more arch hes 
keeps the arches relatively “thin” and reduces” greatly the cantilever 
ition so that the arch elements are more nearly uniformly 


MiG 
— 
— 
~ : 
in the preparation of this p 
signed without recourse to complicated methods Of arch analysis. 


NATED ARCH DAMS 


These three features may be used singly, in con- 


binations: of | two, or all three of them, in the design and construction of 


“a arch dams at most sites. The resulting structures will involve arches of high 


simple, but nevertheless: comparatively rigid 
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HESAPEAKE AND DELAWARE CAN 
Ean L. Brown,* M. Am. Soc. E. 


<4 This S$ paper is a record of the construction stages of the » Chesapeake and 
“Delaware Canal. history of the project from 1764 is ‘outlined, with a 
description of successive developments to 1927. paper contains quantities, 
yardage, prices, total costs, and methods of procedure in connection with 
dredging operations. Tt also includes descriptions of sev everal of the bridges 


that now cross the canal. _ The paper closes with a brief a ee 

» 


a The Chesapeake and Delaw are Canal was constructed during the period, 


1825 5-1829, by the ‘Chesapeake and Delaware Canal Company, organized for 
ha be purpose under authority of ‘special legislation enacted by ‘the States of 
Maryland, Delaware, and Pennsylvania. Each | of these § States, as well as the 


Federal Government, subscribed for stock in the Company. 


aa The location selected (after prolonged investigations, and abortive attempts 
at construction on other locations) was an east and west line connecting St. 


Georges Creek on the Delaware River about 40 miles below Philadelphia, ‘Pa. 2 eS 


with Back Creek on Chesapeake Bay, about: 54 ‘miles east of Baltimore, Md. 
The length « of the canal was about 14 miles, a: nd the summit level 17 ft. above _ = 


mean low water in the Delaware River. As originally constructed, the locks — 


were 22 ft. wide and 96 ft. long, with a depth of 8 ft. over miter- -sills. -_Exten- 
sive improvements were made about 1850 to 1855, when new locks were con- 


structed, 24 ft. wide and 220 ft. long, with a | depth of 10 ft. over. ‘miter- sills. 
The original Company operated it as a toll canal for 90 years, = a 


On August 18, 1919, the canal was taken over by the United States for the 
ences of replacing: it with a new sea-level canal of somewhat larger —— 


NoTs.—Written discussion on this paper will be closed in August, 1930, Proceedings. 
q *Col., Corps of Engrs., U. S. A.; Engr., 8th ee Area, sie 1 Staff Post, Fort Sam ca 
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tion of the Delaware end of the ane. ‘te construction of tide thin, ‘Salita 
and other | works of a miscellaneous character, 


through the summit divide where the 


"were designed heavy: toad the foundations were “baile in 
id contemplation of a future deepening of the canal to as much as 30 ft. The 
e navigable span provides an opening of 175 ft, clear width, and a a vertical: 

clearance « of 140 ft. above mean low water, when open. 
_ The canal y was opened to traffic at sea | level on May 14, , 192 27, with approxi 


— = project depth of 12 ft. at mean low water anda bottom width of | 


_ The two great bays, the Delaware and the Chesapeake, make deep indenta- 
tions into the Eastern” Coast of the ‘United States. ‘The northern of 


Chesapeake Bay, inclining to the -eastw ward, approaches close to Delaware Bay 


ata point where the latter, as the ‘Delaware River, attains its farthest westerly” 
2 meander; the distance between them at this point is only 20 miles. NS Both | 
sides of the intervening peninsula are again. deeply indented by tributaries 
which often ‘approach | to w ithin a few thousand yards of each other at their : 
~ head-waters. . Chesapeake Bay, i in this upper region, i is marked by shores that — 


ss bluff, steep, and quite free from marshes ; the o outlets | to its rivers are open 

and clean; ; the water is broad and fairly deep; the bottom is hard and ‘usually 
_ Delaware Bay has quite different characteristics, broad marshes border its 

- shores with a width of 3 to 4 miles at places. % The ard are so low that 2 to 


ft. of water cover them at high tides; the outlets of ‘its tributaries 
‘ obstructed by y mud-bars. ‘The high ground | between the two bays is rather low 


the broader parts of t the peninsula farther to the southward, but 
canal it is 80 to 90 ft. above sea level. 

= The short distance at ‘the upper end of the peninsula early invited plans for 


connecting the two bays by a navigable | channel ee) that commerce would not 
be compelled to follow the sea route around, or make the portage across. —s 
oll The second survey for a canal in America is said to have been for 


‘connecting these bays near ‘the present location. was: about 1166 


Revolutionary War. It was Tag again in 1799, after: the passage of an act 


by the Legislature incorporating the Chesapeake and Delaware 
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ernment likewise took an interest in the matter and subscribed for stock to 


amount of $451 50 000. _ Pennsylvania ¢ contributed $100 000; Maryland, 
arth, $50000; and Delaw are, $25 000. The cost estimated that was” 
ed 250 000, and the remainder ($1 625 000) was to be obtained 
ae _ ‘The first route selected (see Fig. 1) was an unfortunate one, and the plans ra 
land (which provided for ra canal with fourteen locks from Elk River to Christiana 
Prager t River) had to be abandoned for financial 1 reasons as W well as for lack of a suitable 
din water supply. The City of Philadelphia opposed it because of an that: 
ft was unduly favorable to Wilmington, Dee 
They Actual c construction operations had been begun in 1804, 
it in pended after about two ‘years. In the meantime additional studies 8 were I made, 
The _ particularly y from 182 2 to 1824. These led to the definite : abandonment of the 


. old route and the selection of the one actually followed, which is substantially 


that still i in use. The Company w was re- organized and refinanced, so that it 
was able to begin: active field work in 1824 and to o complete the w work in 1829. 


Tt was a large undertaking for the period. 


= Stung by the rapid ¢ grow wth of Philadelphia and New ‘York, N. tothe 
to take an interest in a ‘shorter route to 


peake and Delaware Bays was inaugurated. It appeared that a 
Bi 4 ; approximately 3 20 miles would be e effected by such a canal. As a result ‘the 
a ‘House of Representatives requested information | of the Secretary of War. In 
oth 


i adh the River and Harbor Act | directed that a survey be made of various. 
routes. Several District Officers and Boards reported on possible alter- 
= routes, but all finally came to the same conclusion, that thes the existing canal 


a net result: the United States finally decided to buy the « 


it so as ~ eliminate locks and i increase its capacity. The imme- : 
diate reason was to use the canal as a link in a proposed intra- coastal sy stem — ae 


along the Atlantic Coast. Z However, it has been generally agreed that the time ey. 


sity thought has guided all the working plans for the ‘reconstructed 
The canal was acquired by the United States on August 13, 1919, for the — 
purpose of constructing along its route a sea-level barge c canal, with a depth of a, 


would probably soon come when a ship canal along this route w ill be a neces-— 


12 ft. at mean low water for a bottom width of 90 ft. ‘ht a ee ae es 
_ The original canal had its entrance at Delaware City, Del., about 40 miles _ 
south of Philadelphia (see Fig. 1). Here a tide- lock maintained a canal le level — 
of 7 1.6 ft. above m mean low water in the Delaware River. . Thenee, the ‘canal 
- extended between | banks, partly natural and partly artificial, for a distance > 
of 4.3 miles to the Town of St. Georges, , Del. , its level at s some of the inter- 
points being above that of adjacent marshes. Because ‘the banks” 
- become higher near St. Georges the canal level there was raised 10 f i 
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"another lock. Thence, it continued for 9.3. miles to Chesapeake City, Md., 


hs where a a descent of 15 fi ft. was m: made by a third lock to the level of Back Creek, 


an arm 1 of Elk River and one of the upper branches of Chesapeake Bay. ‘The the 
old canal had a depth of 10 ft. and a bottom w width of 36 ft.; the locks — 


220 ft. long in the chambers, and 24 ft. wide. This limitation in v width was 
for many years a more serious handicap than lack of depth. at 


No natural streams ns of any consequence flow into the ‘summit level. 
supply water for lockages, leakage, evaporation, and : seepage, a pumping g plant A 


was located at Chesapeake City, to raise water from Back Creek up into the 


summit level, from w hich it was drawn as needed. Originally, this comprised 
a single water- -wheel, about 35 ft. in diameter, with spiral buckets. ‘The: water 


“was taken up by the ‘scoop- -like lip of the buckets on on the outer circumference of 
“the y wheel, and, as it was lifted, flowed inward toward the : axis, and discharged _ 
laterally. The capacity this plant, operating continuously, about 


000 000 gal. p er day. This wa as later increased to 100 000 per 


installing a 24- in. ends a 36-in. centrifugal pump. 
j oa the summit level the average ground surface is 3 85 to 90° 90 ft. above the 


sea. This required a cut of some about miles long. Elsewhere, 

The first Federal for reconstructing the was vas $3 000 000, 


ts which $2 514 000 was paid the owners as an upset price for all their property, : 


rights, and appurtenances, » leaving only $480 000 immediately available 

active Later, allotments totaling approximately $8 000 000 were 
made as needed to complete the work, 


one The original (1916) estimated cost of reconstructing the canal to project 


dimensions was $8 000 000. - In 1919, the cost of labor and material increased 


30 considerably that a new estimate of $13 000 000 1 was made. 7 The actual cost 


of the work v up to June 30, 1927, was $10 060 000. 


CHESAPEAKE AND DELAWARE CANAL: LOCALITY SKETCH. 


ef 

‘The work to be under taken resolved itself into: four distinct 

9 


existing ‘roads, ‘removal of old! locks, ete 


> 


The first. two classes were done by contract ; the execution of the 
two involved many uncertainties as to conditions, quantities, and other require- 


ments inconsistent with definite specifications, and this led to the use of ole 


ord In planning all operations certain primary considerations had to be kept in 
mind: First, in n authorizing » the work, Congress - imposed the e condition —_ 
traffic should be hindered as ‘little as possible during reconstruction (depend- 


ing on the season, thirty | to fifty vessels pass ‘through the canal per day); 


second, the spoil from excavation should be disposed of near-by ; 5 - third, in the — 


deep eut section, experience showed that landslides might be expected to ) Fecur a 
om a large scale; and, fourth, all land traffic with ‘the Delmarva (Delaware- 


~Maryland- -Virginia) Peninsula crossed the canal | on the various bridges, me 


ese communications could not be broken. Al 
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City. 


In planning the excavating operations, it was necessary 9 decide between 


we excavation, or -steam-shovel work. | This involved an 


of the costs. . The canal was | divided into” four equal 


ie ‘sections in each of which the work was of about the same character as t i 


wa : rt’ new eastern entrance to the canal was to be provided, because the a 


i passage at Delaware City was defective in that it debouched into : a secondary 


channel, which, while deep enough for ‘the | present project of 12 ft, would be 
‘and would involve a greatly increased volume of work should the 
waterway ever be enlarged to a ship canal. _ 4 second reason is that the new 


= entrance is placed south of Fort du Pont, one of the defenses of the Delaware are 
River, and this adds to the military strength of that point. _ The new line joins 


the original canal about two miles inland. 


the light of all available facts dredging (without first ing the water 
in the canal), appeared - to be the most satisfactory method of excavation. — 


= This would minimize the occurrence of slides. . By cutting the bottom to its 


new proposed elevation ei 12 ft.) and holding the summit level at +14, 6 ft., 


a depth of water © of almost 30 ft. was s provided. Slides might then flow with 
little danger of obstructing the existing traffic. The use of dredges 
_ objectionable because of the difficulty « of of finding suitable near- -by dumps ing 


ae 
Ee of getting a sufficiently pow verful dr edging ‘machine through the 


Te dispose of of the material conveniently, it tw as s decided to purchase about 


a 800 additional acres of land adjacent ' to the canal, and to build large earthen 


dikes around this tract to form “spoil basins. The high li lift t for the pumps | 
(ranging from 60 to 90 ft. above 1 the canal level) precluded any but powerful | 


sides of saving basin* a 
eoffer-dams, communication at ‘tide level with Back Creek. 


The dredge was placed i in the basin, the coffer- dam was restored, and the w ater 
R ove 
in the basin v was raised to canal level. - ‘Then, a access to . the canal was gained 


by removing other coffer- dam. Altogether, six dredges taken into 
j and out of the canal in this manner. In making arrangements for excavation 


contracts, small the existing and proposed sites for bridges, 
were excluded. iy 


, and three main highway, bridges were» 


provided. “Although the | sea- -level ‘Project contemplated only a | barge 


canal of limited depth and width, it was conceded that such limited dimensions | 
must be regarded as a relatively temporary stage in _ the canal’s growth and 


that future enlargement would be ‘required to allow 1 the passage of large ‘sea- 


_ * A saving basin is a basin provided alongside a lock into which the upper half of the 


prism of water between upper and lower levels may be drawn in emptying the full lock, and 
there preserved for use in filling the lower half when the lock is next filled. The net loss of 


_ water in a — is therefore only instead of an entire, lock full. 
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questions that led to the adoption dimensions 
for all bridges such as would conform with a future depth as great as 35 ft. 
by The bridges were intended to carry the heaviest military loads. © _ Based upon 

these considerations, the characteristics imposed design were: Depth of 

foundations of main piers, at least 40 ft. below mean low water; minimum > 
horizontal clearance of navigable span, 15 ft; ‘minimum OV erhead clearance 
for fixed or vertical lift bridges, 140 floors bridges approxi- 
‘ mately at present road levels; and all bridges power- -operated. | 

Surveying for the construction of. the -sea- -level canal was begun | imme- 
diately after the United States took the project from its” former owners on 
~ August: 13, 1919. The alignment adopted was that laid down by the Board af 
4 Engineer Officers convened in compliance with the River and Harbor ele 
3 approved M: “March 3, » 1909, a1 and charged v with making survey and reports for a 

continuous waterway from Boston, Mass., to Beaufort, N. C.* The task of 
: preparing » the requisite 1 Ww orking plans and maps included three major s surveys: 
(1) A topographical survey of the entire canal from Delaware River to Elk 
River, with all adjacent lands for studying th the -spoil- -area problem, and for 
general information; location ‘of all property line corners to determine 
whether or not the existing rights of w way were of sufficient w idth, throughout, 
to accommodate the sea-level canal ; and (3) Jaying out the new canal on the 


ground, with cross-sections at 100- ft. . stations along the center line, for detail 


‘Stadia and plane- -table methods were used in the topographical surveys and 
were located at 10-ft. intervals. ‘The area covered was 1s about 50 sq. 


miles and the average W idth was 2.5 1 miles. The ‘survey w as platted 1 toa scale 
“of 1 :9 600, thus 1 requiring aed standard | sie by 40- -in. sheets” | for the entire 
ai In the next step all paeeltor acquired for the new canal was staked out 


and p permanent monuments Ww ere at controlling and meander 


“sale of 1: 1 200 s as to show the position of of the ‘new canal with to 


a apart general line | of the s sea- “level canal is substantially the s same as the = 


Asa part ; of the layout work, range points. for tangents and 


points of intersection of tangents were monumented, ma) Cross-section 
made at each -100- ft. station. Elevations “were: taken every 10 


horizontally at right ede. to the center line for a distance of 500 ft. to 800 a 
on each side. Soundings and wye-level measurements were made from n the 


12-ft. depth in the Delaware River to the Pennsylvania Railroad | Bridge, | , the 


eastern end of “Deep Cut” Section, and from Guthries Run, the western =— 
of ‘Deep Cut” Section, to Elk River (see Fig. 1). In‘ “Deep Cut” 
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supplemented by hand-leveling, trigonometric leveling, and ona 
level line at the top of the ‘slope | along the steep banks, 


oe data were reduced and the plan was. platted to ‘a scale of 1: 1.200 


which covered 21 ‘standard size sheets 27 by : 40 in. The cross- -sections were 


ee to a scale 1 in. 1. equals” 100 ft. horizontal and equals 20 ft. vertical. 
These drawings were the basis of all the necessary ‘designing and oe at 


for ‘the contract specifications and for hired labor work, 


‘The « canal w was” divided for excavation purposes into four sections. — (See 


Sections 6, and D, Fig. ) Practically all the material to be ed 
Pee = ‘Section A was under water ; hence, it was a dredging proposition. hb 
ee ne "passing the dredge from the new sea- -level entrance to the intermediate level it 


was important not to permit the water in the embanked part of the e old canal 


_ dredge was then ready to continue on its way into the old canal and inal 

work. The operation was reversed i in coming out. 
Section B contained practically n no material above ‘surface, and 
a: was clearly a dredging proposition. The. only question to be decided was 


ast to whether a dredge could be introduced into the canal through the locks or 
bay In Section Oo Fig. 1) the height of the banks averaged 50 to 15 ft. nt 


the water of the summit level (17.6 ft. was 8 approximately 


cu. were to be taken from this cut, » of which thirds eoul be 


‘oe it 10 ft. Even then the remainder below water level ¥ would have had to 

be dr edged, and slides. would very probably have been induced by this pre- 
liminary lowering. ~The occurrence of such slides in so shallow a channel 

would have practically closed it to all traffic. Section D was clearly a case” 

4 for dredging. < The combined length of all sections was 20 miles, and the total 
quantity to be excavated was 16 000 000 cu. “Othe 
Contracts for Excavation. .—The first shovelful of dirt was raised under the 
ne project June 27, 1921, when a preliminary trial ooktenct for steam- shovel 
for ‘removing the overburden down to Elevation + 
A. (see Table 1, Item 1). The material was transported by th three trains of dump 
ears to the disposal grounds in Lums Mill Pond which, previous to the acquisi- 


tion” of the canal by the Federal Government, had been used as a feeder” 
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dike across the dredged channel, thus leaving the te 

enclosed pond. Water from the canal was then admitted into 
4 
— 
: 

— 
—— : . it was here th 
choice between wet and dry excavation was most difficult to ma 
= original builders of the canal had piled material from this cut fe) 
edges, thereby greatly overloading the banks and adding 
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advantage in rebuilding which thus provided a area for: material 
After this preliminary trial of steam-shovel excavation, was chosen 
4 for the remainder of the work. 1 The “Deep Cut” was recognized as the key 
the entire job. Therefore, specifications were prepared, after an allotment 
: J pe a of $2 500 000 had been made, with a a view to ) placing a a contract for that part of 
Section comprising the most difficult work between Guthrie’s s Run and 
* Summit Bridge. About 5 000 000 cu. yd. . of earth were involved in this « con- 
The. specifications we were made so as to “permit the contractor to use 
either wet or dry excavation with any combination of of methods he might 
Operations were begun on 10, 1922, with a 26-in. hydrauli ic 


dredge which had previously entered the canal through the coffer-dam at 
Chesapeake City. — At \t the same time a another 26- -in. ‘dredge was | brought in; 
ui it was still under construction and did not start operating until one year 
. later, December 11, 1923. - (See Table 1, Item 11. a Previous to the beginning : 
of, dredging operations a force of men with tractors, dynamite, ete., were at 


“a work clearing the no north bank of trees, stumps, underbrush, , and roots, and. 
_ constructing a retaining bank and waste weir for the Guthrie’s s Run spoil area 


The method then chosen by the contractor to carry out: this work was, 
briefly, as as follows: A steam shovel and the dump- ~cars from the former pin 
tract w were used to remove the top of the spoil bank of the old canal. With this. 
material, a heavy earthen « embankment varying in height up to 25 ft. was 
.. built parallel to the canal and not less than 300 ft. from it, to form one side of 
+ ta _ the basin into which the spoil was to be placed ; usually the other sides were 
thrown up by a drag- line excavator. the dredge had an average daily 
“catgut of about 7 000 cu. yd. on this work, cross- dikes were run, as needed, to 
S provide smaller basins into which it ‘could discharge without interfering with 
the construction of the main dike farther along. — ‘The contractor purchased 

about 500 acres” of land for this ‘purpose which, added to approximately 300 


acres owned by the United States, made a total of about 800 acres devoted to 
_ these spoil basins. , The embankment on the canal side was about 24000 ft. 


wee long. The waste water from the entire area was forced i by a series of levees, — 
"weirs, and ditches to settling ponds’ north of a public road ‘paralleling the 


canal. ‘After a travel of 2 to miles through these basins, the water returned 


capacity. of which would not have been adequate te otherwise. 


some gravel, hard blue and clay. 


to the canal quite e clear. This return was quite essential editing: 3 all the water 
ia the canal had to be supplied by the Chesapeake City pumping plant, — 
a: 
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not be broken up, but came through t! the pipe | line in slices and hy lumps, ee up ~<* 


the end of the pipe line without running off. Ot Wee 
‘There was little delay caused from choking of the pipe line, although an 
lines were run up almost perpendicular banks from 60 to 80 ft. high. The © - 
greatest height over” which ‘material was discharged was” 97.5 ft. above the 
water level in the canal. The major part of the rip-rap stone revetment of the 4 


old canal along : the old two- path was removed by a small bucket t dredge, before 7 7 7 


o only done to plant in boldly attacking maximum 
height (aside trom normal deterioration) was an occasional broken spud o1 or 
— cable. ‘The character of was such that instead of 


“either ‘slide or break: off and fall into without warning ; this caused 
waves which would oceasionally break the spuds before they could be. hoisted. 
Nos structural damage w was done to the plant. 4 The difficulty w was partly overcome 7 af 
by v washing the banks down by flowing water or jets; but the most successful — - 
method was by the use of blasting ; powder, first drilling a series of holes along fe 
- ‘required slope line to depths varying ¢ from 10 to 25 ft. and about 20 ft. — - 


apart. The explosion of this powder would usually cause the earth to fall into” 
the head of the cutting in a more gradual manner. 
iis ~The part of Section C from the Pennsy lvania Railroad Bridge to o Summit 
Bridge was awarded in two separate contracts. On July 21, 1924, a -22-in. 

hydraulic dredge started at a bend in the old canal 1.600 ft. west of — 

Pennsylvania Railroad Bridge and worked east, leaving the old canal to 1 the 
north (Fig. 1) . Since the only available spoil area was Lums Mill Pond, it r 
Was necessary to lay a submerged pipe line across the old canal to dispose of 

‘the ‘dredged material without interrupting traffic. On August 25, 1924, another . 
dredge started at the same bend and worked | west, spoiling in the same area : a ‘ 
through a pipe line from 1 000 to 4000 ft. long with the discharge at el «o 
+ 42.5 ft. The total on contract are in 


‘overburden had previously been removed ‘to Elevation 20 hy, the: steam 


ummit — 
to > Glasgow, Del, for was s enclosed 6 ‘000 ft. ‘a 


“began ‘operations on October 4, 1928. Item 7 7.) The course of the 


old canal was followed westward from St. Georges to Lorewood Grove. 
point the tow- ‘path was cut and the new canal diverged gradually 
A 
- 300 ft. passing through Otter Island and a point of high land with an eleva- oe 4 
« of ft. on then the to the of the 
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Railroad This provided an improved to 


‘This e necessitated the « clearing some me woodland the 
trees and stumps with dynamite and tractors, and _grubbing the underbrush 
roots ahead of the dredge. The dredged material consisted of 

> i clay, and gravel and wa was deposited with little difficulty i in the coves and behind : 
the old tow-path. — _A small dipper dredge was used to remove the rip-rap stone 


ak from the e old tow- path i in the line of the new canal and 1 to constru ruct a a 

mately y 2500 ft. « of retaining bank. lad om 

Dredging operations on Section A. began at Reedy Point, Del., with 

88-5 in. hy ydraulic dredge, vestward through the ‘marshland and the 

upland to the Delaw are City- Port Penn Road. this point operations 
December 16, 1924, to “prevent the flooding of several hundred 

After resuming dredging operations at 


acres of low land lying 


44 


line. 


a Before a dredge could “enter the old canal at “Wide Waters” it was neces- 


| 


g to the south. — 
the Delaware City- Port Penn Road on July 7 7, 1925, “the contractor’ s dredge 
continued westward to join the old canal at “Wide Waters.” + The mud, sand, ¢ 
and gravel dredged up t to the road was deposited in spoil areas on the ‘re 
a of the canal. s Two of these were low, swampy ] places o on the Fort du Pon 

s Reservation, w hich required the construction of approximately 3 800 ft. of pipe 9 

The only difficulty encountered was caused by the ‘sand that settled 
"behind stones lodged in the line. The | bulk of material dredged from the 


—. canal prism in this stretch was deposited along the face of the dike as a rein- 
forcement and protection against erosion from tides and wind. BAM: 


ae to construct a levee behind it, , 600° ft. long, with the - top gt Blevation 
7 “4 +140, from the high land o1 on the south to the old canal bank on the na 
The water from the ca 


canal w was let into the basin, , thus raising the dredge to 

canal level, at which it then con ontinued operations. westward to St. 
The material dredged through “Wide Waters” was principally vegetable 


rr 


s matter, which would rise : to the surface of the water in] lumps and float off like © 
small islands. A mixture of mud, sand, clay, and gravel that impeded progress 


was encountered near St. Georges. ‘The’ material was deposited in the coves 
along the south side of the canal and on the low lands to the north. peers 


: ‘Three hydraulic dredges were in operation on this contract at at different 


times; one of them did 45% “of the work and completed the contract on Decem- ‘ 


of ber 30, 1924. It passed out of the canal the same way that it entered. — The 


Pale eiakiitities dredged under this co: contract are listed in Table 1 (Items 2, 


Section was awarded in two separate contracts (s 


see Table 1, ‘Hews 8, 19, 
20 and 21). That of ‘the Atlantic, Gulf, and Pacific (Company 


whole section except a small stretch from a point just we west of the lo cks” at 


a - Chesapeake City. A total of 830 700 cu. yd. of mud, sand, clay, gravel, and 


- some e sandstone was excavated from the 4} miles of channel from Elk River er to 
~ Chesapeake City. It was | deposited i: in the ¢ coves on both sides of the channel 
1. The 
‘was completed to City on December 31, 1923. Fos, 
Two dredges were admitted into the canal separately ‘through coffer 


dam : at Chesapeake and worked | east along the lines’ of the old canal to 


2, 3, and 4). 
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‘Guthries Run, a distance of 24 miles. From a point 600 ft. east of the e old 
eanal -gates at Chesapeake City the Delaware the 


gravel, easily disposed of i in | coves to the and behind the 
old tow-path on the nor ‘th side. From the Maryland and Delaware line east 
to Guthries Run the land rises Seine: the canal level to Elevation +45. ‘The 
contractors purchased two tracts of land for disposal areas, one on each side 
of the canal. To enclose these basins required approximately 12000 ft. of 
levees which were constructed with dredged material in a series of steps from 
canal level to Elevation n +50. an he material was mostly sand, loam, and gravel, 


with a small percentage of red clay. Considerable difficulty was encountered _ 


vere in maintaining t the levees, , and several washouts— that released thousands of 

-eubie yards of sand, made redredging this did not impede 

traffic in the canal to any great extent. 

dee On January 8, 1925, a 26- ‘in. dredge — 600 ft. east of the w aste- 

and, poy which v was extended west to the old drawbridge at Chesapeake | City, a 
orth distance of 1800 ft On ‘February 28, work ‘suspended and the 
mh dredge was moved to Section C until May 12. Work was resumed on n May 13, _ 
pipe and the contract was was completed May 1%, 1925 25. The ma material, consisting of 

tled clay and sand, was deposited in Broad Creek spoil area. 

erst There were eight separate contracts for excavation awarded from J ol 

ein- 1921, to March, 1925, four to W. H. Gahagan, Incorporated, two to the ‘Arundel 

Corporation, and two to the » Atlantic, Gulf | and Pacific Company. The plant 

operation consisted of one steam shovel, seven powerful hydraulic dredges, 

ie “two bucket dredges, two scoop dredges, two dragline banking 1 ‘machines, and 

number of small gasoline tugboats for t transporting men ‘and towing — 

e to -fuel-oil barges, etc., to and from the various plants. Each dredging — 
ges. | its to with such a large undertaking i in the smooth 
able 
like jj completed all contracts in a avs ance of the specified time. ” The total quantities — 


removed from the canal prism under these contracts were 16 202 000 cu. yd. 
of material at a cost of $3 311 000, or, _ approximately, 20 cents p per cu. yd. Wy ‘ 


_ Excavation work was | suspended after May 17, 1925, to await the comple- ni 


St. Georges, 700 ft.; Pennsylvania Railroad Bridge, 500 ft. ; Summit Bridge, — 
500 ft.; and City, 1 200 ft.; or, total of 2 900 ft. of channel. 


| the pontoon line of | one of the dredges ‘and was drowned. The damage - 


operations was slight. The regular boat traffic through the canal was not inter- ‘ 


rupted to any great extent except when the dredges were being taken in and 


be In the Government began removal 
locks at t St. G 


of yor 


tion of the highway bridges. pr Owing to a delay - in the construction p program. a 


there were , four bridge sites at which no excavation was done under contract: : : 


Only one man lost his life on all excavation contracts. He slipped f from’ 


plant other than broken spuds and the usual wear and tear attending dredging ia oa 


out of the canal t through the coffer- -dam at Chesapeake — which required | my 
two or three days for each operation. ja Javel re 
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to 1 steel sheet-piling was constructed at Chesapeake City 


to retain the canal level so that the lock could be kept in operation and yet — 


4 dredging of the channel around it could be completed except at the dam. i 
Leased Plant. —By J anuary, y, 1926, sufficient “progress: had been made on 
the bridges a nd the removal of the | old locks to resume dredging operations. — 
A 15- -in. hydraulic dredge and its attending plant was leased at $700 per day. : 1dg 
a" was s the only hydraulic dredge available that could ; pass through the canal draw-op 
locks. Accordingly, it began work at Chesapeake City, where the old locks een 
been located, and dredged to project dimensions (Fig. 1). It was then moved steps Ww 

a to Summit Bridge, but could not pump the material | to the elevation of the 


the Pennsylvania Railroad Bridge and ond the 


spoil area. ‘Next, it was “moved to 


worked that point to St. Georges, doing maintenance dredging until 1927, 
@ une 30, when it was released. ‘It removed about 34 700 cu. yd. of mud, sand, “Can 
4 gravel, and clay, under improvement a and 217000 cu. yd. under maintenance, ® Ches 


| When it was found that the | 15-in. dredge could not complete the recon- eat 
struction of the canal and ‘that a more powerful one would be required, nego- ra dbe q 
i tiations were started for a 26-in. dredge to be leased for 60 days for $169 000, oat te 
ce ‘- and at $1 500 per day thereafter. The dredge was available immediately and Bethel 


Ww as started from New York City on “March 30, 1926. 7 It foundered en ran 


off the New J ersey | Coast during a storm on March 31, and. was a total loss. — a 
| Contract. —After various unavoidable occurrences had impeded the Ret 
progress of ‘the work, plans an and specifications were prepared ‘to complete the fh. Whe 
work by contract. . Bids were invited and the contract was awarded to the Jj ccurre 


Atlantic, Gulf and ‘Pacific Company, at 38.5, cents” per cu. _ yd. for -improve- the 


and 33. 4 cents per cu. yd. for maintenance dredging. on the 


was necessary to construct a coffer-dam at St. . Georges to make a basin forming 
ae 190 ft. long and 140 ft. wide to raise the dredge to the upper canal level from th 

+17. 6) without interfering with traffic in the canal. “Work was removec 

q a started about July 15, 1926, and was completed August 24. The old lock wall § for imp 
was used as the south side of the coffer- ‘dam. The east side consisted of two BE A 3B 


of 35-ft. steel sheet- -piling 15 ft. apart. These were tied together o on the 01 


inside by cross- -rows of ‘steel piles ‘spaced 20 ft. apart, thus forming pockets 12.0-ft. 
- that 1 were ‘filled with earth. An opening for the dredge to enter ¥ was provided | and beg 


in the east end of the coffer-dam. va gab iad the first 
‘The north side was of the same construction with the two rows of pil on a The 


te * ft. apart and from 14 to 35 ft. long, extending - for a distance of about 70 ft. deposite 
rae... high banks. oT ‘Then a dirt bank, with wooden piles and sheathing as a core, to preve 


extended up p the side of the bank to Elevation +20.0. The west end of the Was mo 


A 20-in. hydraulic dredge began operations on 3, 1926, pumping a tered ix 
sg across the new entrance to the canal 15 200 dh aie: Delaware River. and the 
‘This f formed a basin by which to ‘aise the dredge from tide level to “canal: 
at Elevation +-7.6. ~The dredge then cut through a a dam constructed 
eo under a previous contract, aia the canal at “Wide Waters”, and continued 
westward on to St. entering the coffer- -dam_ 


ng 


— 

+ 

4 

— 
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| 
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The time ‘Tequired to pass the dredge through the dam upper 
level was five days. Leaving Si St. Georges, | it proceeded | west to the Pennsyl- — 
vania Railroad Bridge and began operations on improvement ‘dredging at that 


point. —«dTty was engaged there until September 27, when it was found that the 


bridge | piers were settling before ‘project dimensions had been obtained i in the ; V < 
draw- -opening. . The dredge was withdrawn and placed on Lameanypeyiel ore 


between railroad bridge and Summit Bridge until October 11, while 
were taken the | ‘From October 12 to 
‘the [fj November 13, 1926, improvement dredging was completed at § 
and, & ery Canal L Lowered to Sea Level. —On January 25, 1927, the dredge was moved — 
ning to Chesapeake City to dredge | up » to the retaining dam in preparation for 
ea lowering the water in the canal to sea | level. The wickets were opened in the 
a os locks at Chesapeake City and Delaware City, on February 1, 1927, and, as 
the make-up water escaped, the dredge continued through the old 
000 roadbed. — It reached | the retaining d dam on February 4 and was t then moved — > 

7 back to complete the maintenance dredging between Chesapeake City and 
Bethel while a force of men removed the ‘retaining dam. This was practi- 
cally completed by February 20; dredging was resumed at that point 
oa _ February 22 and completed on February 28, except a part of an old lock wall * 
the that could not be removed by the hydraulic dredge. 
the ‘When the canal surface reached sea level a great of slides 
) the wecurred along the banks of the canal, which usually did little or no avn: we 
ia to the e channel. At a point 3.500 ft. west of Summit Bridge « a slide occurred. bo a 
m the north side about: 600 ft. long. It moved gradually into the channel, 
asin forming a shoal of the same length; 50 083 cu. yd. of material Ww ere removed 
level from this slide by dredging from March 1 to March 22. The total net. yardage ~ er 
was: removed under contract by this dredge was 1211000, of which 352 000 was 
wall for improvement a and 859 000 a 
30-in. hydraulic dredge arrived at the Delaware River entrance the 
1 the canal on December 22, 1926, and began dredging on maintenance work at the 
ckets . 12.0-ft. contour in Delaware River. It worked west for a distance of 15 200 ft. 
vided and began ‘removing | the dam constructed by the first dredge at the same time 
the first dredge ze was the one at Chesapeake 
piles, The removal of this dam required about three days and the a 
10 ft. deposited i in the Delaware City branch of the ‘canal, thus forming | another dam ‘ ie 
core, to paren, the tide- water from | entering by way of that channel. The dre 
f the 
at that point, butte was delayed to some of the difficulty e encoun- 


tered in removing the steel piles from the coffer-dam. . The removal of these x 
and the great amount of timber and débris i in the s old roadbed required eleven 7 
days, The dredge was then moved to’ the Pennsylvania Railroad Bridge 
(February 23) and removed the last: obstruction to navigation in the can nal, 
thus making it possible to pass through at sea level for the first time. 3 
addition to. dredging» doné— under contract at the ‘railroad 


2000 cu. a. of over- were washed from back of the piers into the 
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to relieve the pressure; this was later re- -dvedged. The total net 


removed 1 under contract by wand dredge wa was 509 000, of which, (87 — ‘was for 


] 
a 1720000 cu. of had been removed in 


: spoil areas that had been used under ‘previous | contracts. cost | 


$568 600, of which $167 500 was for and 100 for main- 


‘Cleaning Up- —There were “places in the canal that could not be 


dredged by the hydraulic ‘method, a bed of boulders 150 ft. long and 50 ft. 
wide on the south side of the channel at Goose Point, Del., and a part of the 
“old lock at Chesapeake City. | For this work, a dipper dredge was leased for 
a8 period of 60 days at $500 per day. No great difficulty was experienced i in 
removing the boulders, although | some weighed as “much as 4 tons. These 

were loaded on the scows and placed on shore by derricks. In addi- 
* tion to the removal of the boulders and lock wall, several small slides were 
dredged from the channel, loaded in scows and dumped in front of a 22-in. 
a hydraulic dredge to be rehandled. _ ‘The total for this item was 11 600 cu. yd. 


i of ‘material (largely rock) removed a at a total cost of $32 300. 


On March 22, 1927, a slide ‘occurred or on the south side” of the canal at 


Guthries Run and a 20-in. dredge was leased for 90 days at $1500 per day 

_ for the purpose of removing this and any other slides that might develop. 
= ile While the removal of this slide was in progress, the one previously - ‘removed 
and another just west of Summit Bridge were gradually moving channel- 
‘The canal was completed to project dimensions on May 31, 1927, although 

it had been provisionally opened to commercial traffic on ‘February 25, 1997. 
During this time its use had been restricted to daylight periods of high water 

7 and to boats of 9-f1 -ft. draft and vertical clearance of 45 ft. The canal was 
; = opened on mn May 14, 1927. The total quantities and costs involved 


on all kinds of dredging work is given in Table inh 


" Old records indicate that when the canal was originally ¢ cut through © the 


sare summit divide, and for several years thereafter, ‘much trouble 1 was experienced 


from sliding banks in that particular section, especially in the first mile west 


of Summit Bridge. (See Fig. 4.) The pene finally became quiescent and 
5 remained s y were again set in motion by the operations of re-con- 


a struction. Fig. 2 is a view of the original canal. Sliding was undoubtedly 
~ caused partly by : the practice e of the original | builders of disposing the spoil 


ar very close | to the edge of the cut. In some places this spoil was piled up 50 


- ‘ek as to raise 2 the: height | of the bank from 100 to 110 ft. above sea’ level; that is, 
aris 


20 to 30 ft. above the original level. _ This additional burden undoubtedly 


fy contributed t to sliding, but the primary cause was the slow deformation of the 


aah. 2 Borings made a along th the eritive: length of the ce canal showed that ber eath a 


tor top layer of green sand — with some 1 mica, there were various s combi- 
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RIGINAL CANAL IN SECTION C, WHERE SLIDES OCCURRED. 
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nations of and 1 mu 
geneous” -eollection of A Pockets of va: vari- were 
interspersed with similar sands, The results of some borings were ‘interpreted 7 


to indicate the presence of quicksand. — ~ A Board of Engineers expressed the 
_view* (based or on the results of borings) that some slips due to w vater at the — 
‘ee surface of some of the clay strata, as well as some due to ret saturated ‘ 


"material might be expected during and after the proposed re- -construetion. 2 
was fully expected, therefore, that there would be some trouble from s “ed 
banks during and after reconstruction and that they might, a at times, interfere 


somewhat with navigation. . The Board believed, » however, ‘that could ‘ 
“readily be handled by following a policy later ‘the Panama Canal; 


namely, to provide means of removing them as they developed until the banks: 


“became quiescent. A few minor slides did develop during the dredging « ‘oper- 
ations, | but owing to the precaution taken to maintain the canal at ‘the high 


level during the construction period, no damage was done, and trafic was not 2 


- Serious trouble did not develop until after the canal had been lowered to 
level, and ag again opened to traffic. About ten. days after the surface level 
had been lowered, a section of the south | bank near Mile 9 suddenly gave way 


partly closed the channel. This was promptly removed by the dredge 

which: had just “completed improvement work. In the meantime, “several 
slides were observed 1 to be in motion within the region of the old slides in the 

— first mile w est of Summit Bridge, and close enough to the new bridge to cause 


some anxiety. . _ These moved v very slowly, and gave time for a careful exami- 
nation to be made of their progress" and effects s. Usually, they were manifest — 

first by the appearance ce of cracks on the tnd of the ground at a dite 

of 15 to 20 ft. back of the edge of the bank, and parallel with it. The material 

between the crack and the edge of the bank would then sink almost vertically, 

the rear portion somewhat “more 1 rapidly than the front, : so 0 that the o original — 
ground surface of this slice of moving material al would slope | away from .S3 
anal. 4 At the same time that this settlement was taking place, there was a 
general upheaval and breaking up of the material at and near the toe of the 

‘slope, extending 15 t to | 20 ft. , above the water surface and encroaching slowly on ta 

the channel. - The 2 general effect is shown in ‘Fig. 3. a After one me slice of the 

banks had settled 8 to 10 ft., a similar crack would appear back of the old 


“one and a new settlement would begin. A - series | of of three or four | en would Me 
present the form 


» bh addition to the enc encroachment on the channel laterally, there was also an 


‘upheaval of the bottom om of the > canal, s so that both boat traffic and tidal flow oe 


‘to remove the material. 7 Boring samples ‘were found to be 
unreliable when checked against the material actually encountered. Excava- 


tion showed the material comprising the ‘canal prism in the deep cut to be of — Be 
general classes. From the down to about Elevation +50 the 
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hard concretions. The lower ‘portion of this was have ‘not, 
Below this, extending fi from Elevation +50 to Elevation +5, there 


some siliceous 1 matter. his was. quite compact, although damp, w as 
practically ‘impervious to water. On we athering, it disintegrated into a 


grayish dust. It is evidently material laid “down ina previous era of sub- The 


fr esh Ww ater, | since it contains no marine fossi s. 
g at about high- tide level, the 


ying bed of clay i is moist an nd plastic and i is perertisas of. primdle pure kaolin, 
of whitish or grayish color, but occasionally colored red. Lying | at a poin 
80 ft. below the surface of the ground, it is under considerable pressure. St. Georg 
“excavation on of the canal p1 prism naturally disturbed the distribution of pressure| 
n the vicinity of the cutting. Being plastic, this material readily changes 


to conform to the ‘new of pressure, and it is this slow] | 


-deformati nel of th 
No method of preventing ‘the aide’ is known; no| protected 
effect. 2 is quite probable that the banks w ill eventually reach a state of le eines 

~ equilibrium as they did formerly ; in the meantime, however, much expense | beeame a 
ill be involved in their remov val, and navigation will experience the hazard approxims 

of occasional interruption. It is that the section ‘most likely to Neck. Ros 


= 


a is comparatively short and does not involve the entire deep cut. wit Be deemed sx 


1 ia initiating the excavation work, the next step was the construction ‘out from 


of jetties at the outlet of the new entrance in Delaware River. The bottom of B Dutch Ne 
the deed at this point is very soft mud of considerable depth, apparentl io serve 1 
about 3 35 ft . The tidal currents flowing back and forth a across the front of Ml the projec 
Be. entrance w ould | wash 1 the soft material into and quickly fill a dredged cut § stimates. 
‘if it were not ot prolonged into deep \ water by confinement between - jetties, whieh | | A stuc 
bi concentrate the canal flow and protect the canal cut from the river currents. posed dik 
‘et ¢ a) ‘Studies were made to determine the character of the bottom, and of various types| expected 1 
of jetty suitable for the very soft bottom encountered. The decision was to use ito use son 
mound stone jetty founded upon a brush mattress. Since brush mat- truct the 
tress construction is not well known among contractors in this vicinity, and then deci 
since the structure was” expected to settle an indeterminate distance into the | pose © of & 
soft mud, it was ‘decided to construct these jetties . by hired labor, the brush Si marsh 
‘and stone being purchased by contract. bo! 
wed The two jetties are each approximately 1 350 ‘ft. long and extend from ‘the could bits j 
ame line into a depth of about 25 ft. of water. _ They are spaced 500 ft. apart 
at the shore end and 800 ft. apart at the outer end. Che tops of f the jetties small 
aa are 10 ft. wide and are at a height | of 1 10 ft. above 1 mean low water. iad “i like was. 
= tan The brush mattresses extending the entire length of the jetties a are 2 ft. thority 
i thick and 60 to 80 ft. wide. Ri They were sunk as built by a2 2-ft. layer of small 


ae. stone placed w upon them, and upon this small stone 1 was placed t the larger st stone 


been inco1 
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l ore, blocks to “ “one- man” > sizes. These jetties, which v were completed April 1, 1996, 
ring. Bhave not ‘yet (November, 1929) shown any signs of settlement. This is an 
there indication of the great efficiency of the brush mattress as /a support. The « cost 


ining 


The | eastern part of the ‘canal the Pennsylvania Bridge 
and a point about 1 mile \ west of Delaware City occupies the bed of old St. 
there Georges Creek. - The new entrance to the canal, starting at Reedy Point on 
nder the Delaware River, follows a straight line westerly in direction 

aolin, until it intersects the bed of the old creek near the former line of the canal 
a at a point about 13 miles south of Delaware City. In its natural condition, - 

The gt, Georges Creek extended through a wide marsh area, much of which ) has 
been incorporated i in n the right of way f for the canal. 
anges 
ve no 
the necessity for it re) as to protection. for ‘the: 
pens Became apparent an early date. Furthermore, a county road running» 

| approximately parallel | with the old canal and the marshes (the Dutch #4 
ely Neck Re -erossed by the new entrance, yet ‘this road was” not 
det Neck Road), was to be crossed y y 4 
deemed sufficiently important to justify providing a a separate bridge. Tt was 
a decided to provide f for these necessities by the construction of a light earthen 1 
ms ke dike parallel to the new canal ‘on its south side, which would shut the tides _ a 
uction Hout from the remainder of the marshland on the south and would | carry the _ 
tom of Hi Dutch Neck Road to the Delaws are City- Port Penn Road, ‘enabling on one bridge 4 
rently ito serve both. The cc 
ont of the project and, | therefore, its cost. 
ed cut stimates, 
whieh io study was made of the most suitable methods of constructing the pro- a os 
rents. posed “dike, and two were considered practicable and economical. It 
s types expected that the dredging contractor might arrange with marshland ow ners” 
to use Bi to use some of it for spoil, in v which case the spoil itself could be used to con- 
h mat- struct the bank, but such arrangements could not be consummated. . Itw was 
y, and then decided to attempt to get a bucket dredge into the marshes for the pur- Ji 
to the nose of constructing the dike by throwing up a suitable ‘embankment, but 
brush the marsh had no outlet by which a dredge could enter, it appeared necessary — y - 
“@ to construct the new canal entrance up to a point where a ‘supply of tide water 
mm ‘the ould be introduced, and this maneuver was successfully accomplished, with — 

. apart but little effect on the marshlands. ‘The dredge cut its way in through a 
jetties smal] narrow channel, ¥ which it filled behind itself. ~The construction of the 
like was then conducted under an contract made under proper 

soa ft. of dike. Work es begun 
r stone 


om February 8, 1924, by mba on dredge which had been pulled | over the canal 


hank and had dug its way ie St. Georges Creek to the site of the work. 
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i Pro rogress was slow, however, because the material was mostly vegetable matter 


+ and 1 compacted badly. . A second bucket dredge was put on the work on 


_ Ss 10, and, by the end of ‘Tune, the dike was deemed of suflicient height to 
oe peo he meadow under ordinary tidal conditions. Operations were then 
Pro tect the meadow un er or y tidal co ons. | pe ations were then 
— med. on the new canal on July 7, allowing the tide water from a the Dela- 
wa re River to flow into the low land between the dike and the old canal. nal. On 

7 = uly 16 an extremely high tide topped the dike and caused two breaches which 
ooded the low land to the south. The | bucket dredge continued working on 
th e weak but flooding conditions continued to grow worse until Septem- 
i er r 21, when the Federal Government took over the work of completing the 
ike. Unfortunately, the material comprising the marshes had proved utterly 


nfit to support the dike against the pressure of ‘the > tides; the weight of the 

ide water consolidated the bed of the ‘marshes, caus ausing it and ‘the dike to 

ettle so rapidly that this, and 


un 
ti 


ms 
Prior to beginning this work it was known that the material comprising 


“the marsh was of a peaty nature of considerable depth, but was believed 
that there was 4 sufficient quantity of mud in it to make it form ; a substantial 

cont Subsequent experience has” shown that such was not the case. More 
ov er, it was exceedingly improbable that : any previously projected dike would 
have been § successful, because, lacking previous experience with 
“ th he design would have been n faulty. 


The the body of this marsh a vegetable growth, 


be 


surface float away. is also very and acts in a 


- similar to rubber. _ These characteristics made it impossible to build a dike 
from: the dredged material, and better fill had to be brought from the outside. 
. 4 As soon as this heavier material was placed o on the marsh it compressed and 
a settled, until, finally, it acted like rubber or a compressed spring. is ‘It buckled 
laterally under the weight and forced the surrounding material: up. 
‘iz ae ‘ef action would ¢ continue until the entire quantity of the lighter n material mms 
vertical section had been completely replaced by the heavier material. 
if these difficulties could have been foreseen 1 before introducing a dredge 
; 3g into the marsh, the heavy ‘material + would have been brought i in by carts ¢ or by 
_ narrow-gauge trains. Both these methods were used in subsequent « operations, 
7 thus supplying « data. on 1 which to base « an opinion of the difficulties that would 
3 have attended the construction from the beginning of the entire dike by either 
method. — Carts were fairly successful, but too slow, because enough of them 
Bee not dump : at the end of the fill to make rapid progress. W hen parts of 
the dike turned | over, , or moved | laterally (settling a at the e same time) no damage 
was done when carts were used. 18 The use of narrow- -gauge trains was not 
possible until enough solid material had been put in place by other methods 
to the track from sinking, and wrecking the plant. 


When the first breaches occurred in the dike, > pea made to close 
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y from widening or deepening, but were never successful | “in effecting a com- 


rf The next attempt at closure was. to build the remaining sections of the — 


then dike up to a a grade safely above high tides by adding sand and other heavy 
Dela- - material through bleeders in the pipe lines of the dredges. Then, after _ 
On unharmed p: parts of the dike were thus strengthened and reinforced, the dis 
vhich ; charge was directed so as to build from the two ends, at the same time pump- sa 
if on ing as ‘much heavy material | as possible into the breach. Two large breaches 
ytem- were finally - successfully closed | in this manner, but even then the dike con- 

x the tinued to settle, and soon became i in danger again of being overtopped by high — - 
terly tides. ia A steam shovel » was then procured, with 36-in. gauge locomotives, nec- 


f the essary dump cars, track, ete., a and the work of hauling solid material by train 


from a near- -by hill : was ne an = The dike has now been filled to Elevation 414, 


ce to 

soon § and is 18 ft. wide on top. The cost, including attempts to close breaches, was 


The re-construction of the canal required changes in six bridges, | one 


arrying railway traffic and five highway traffic. An additional structure was 
ore 
er d required over the n new entrance e south of Delaware City, x now called the Reedy 
‘Point Bridge, but originally designated the New Cut-Off Bridge. There were 
—— ‘wooden : jack- knife s swing » bridges at four of the points, and those at Chesapeake 
- @f City, Summit Bridge, and Saint Georges were on highways vital to traffic on 
owth, the peninsula. The Summit ‘Bridge was an iron horizontal s swing draw- 
rated bridge. . By arrangement 1 with the State of Maryland it was decided not to. 
ne © “replace th the ‘structure 2 at Bethel known as Maryland Ze which was removed — 
soon as dredging operations made it necessary. for a new bridge 
dike over the part of the old channel in Delaware City proper were deemed — 
‘side. igh an 
| and require it, but to alter the foundations of ‘the “existing structure at 
ckled point and to strengthen it it sufficiently for present needs. colt 
This ov The new bridges were 2 designed to serve the anal, not only as wenitentel 
eo under the present project (that is, at sea level with a 12- ft. depth and 90-ft. Bl 
ria = width), but also : as projected for ‘the future, dredged to tide- -water 
redge “with a depth of possibly 30 ft. and a bottom width of 150 to 175 ft., with pro- — a 
or by ‘Vision for a horizontal clearance of 175 ft. and a vertical clearance of 140 ft. oo" * 
ion, ‘The vertical lift type of bridge was selected for all locations on the basis 
vould of lower first cost and maintenance expense. Furthermore, fireproof floors 
ither could be provided economically, a ‘and most of the vessels would require 
them the bridge to be only partly open, thus reducing further the operating expenses . ve 
of and delays to land traffic. Operation is by direct current from | storage bat- 
mage teries that are charged by a motor generator set using. commercial alternating 
current ; emergency operation is by gasoline engine which can ‘either ‘drive: 
thods the generator or raise the s span by direct connection through ha a belt to the gear 
close bridges ate of the through and were designed to 
date highway. traffic adequately for future years with 
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_ of motor transportation, and d to earry safely loads incidental to troop move- 
ments. . The clearance diagram and design loads for the bridges at Chesapeake 
City, Summit, and St. Georges, are shown in ‘Fig. 4. Sidewalks 4 ft. 6 in. 


wide were provided outside the trusses. — ‘The roadway clearance of the Reedy 
- Point Bridge is 4 ft. - narrower than that of the other three; | otherwise, the 


which is 21.0 ft) 


Length of Span in Feet — 
pias (b) UNIFORM LOAD FOR TRUSSES 


83000 Ib. 3000 20000 Ib. 20000 Ib 


() CONCENTRATED LOAD FOR FLOORS 


‘DIAGRAMS AND CLEARANCES FOR BRIDGES AT CHESAPEAKE CITy, SUMMIT, 


we 


used for design were as follows: 


<4 tien the floor system of the Chesapeake City, Saint Georges, an 
“hy a ‘Sumnit Bridges, two 15-ton trucks abreast, or uniform load, as shown 
= in Fig. 4(a), or one 40-ton tank. de 

For the floor system of the Reedy, Point Bridge, t 15- trucks 
abreast, or uniform load as shown in Fig. 4(b). 
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‘te 


ee Since the ultimate canal will ptt a depth below low water of possibly | 

85 ft. and since: no rock was found in any exploration borings, the least 
depth: to which pier bases might safely be carried was considered to be Eleva ; 
. The plans in each case stipulated that caissons be sunk either by 


| 


Ee Be: any bridge; hence, the specifications called 
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open dredging or by ‘Pneumatic process at the option of the ond 
that in either case they must be unwatered for examination | of the foundati 
material before sealing. © The contractor elected to use a caisson of his own — 
design on all « contracts and to sink it by open dredging until such time as this — a 
method became impracticable, and | then ‘to resort to the pneumatic method. — 
ae Except at Summit, where the s so-called abutments are ‘really buried piers, 
the abutments are of conventional type with -wing-walls parallel » to the ve 
of tl the roadway and supported o on piling. 
Operating Machinery. —These vertical lift bridges are e simple s spans sus- 
pended at each corner ‘by wire Topes which pass over sheaves on towers and 
connect: to counterweights about equal to the weight of the span. The sp: span 
is arranged to move up and down vertically in such a manner as to be always 
parallel to its lowest position. _ The counterweights move in a similar manner 
inside the towers. The operating ‘machinery comprises four spirally grooved 
drums connected through trains of f gears to a direct- current electric motor 
(or gasoline « engine auxiliary u nit), , all of which are mounted on a housed-in 
platform at the center of the lift span and just above the roadway clearance. 
pa 
Each drum is wound with and controls two pairs of operating ropes which 
lead from them horizontally 1 to a corner of the span, pass either over or under : 
deflector s sheaves, and thence, vertically, one upward the other downward, to 
connections on the tower ceolumns. Revolution of the drums in one direction. 
winds on all up-haul ropes, ‘ “pays off” all down- haul I ropes, and raises , the span. 
Reversal of the direction of rotation of the drums pulls” the span down. . 
operating ropes | /connect to take-up devices for adjustment of length 
and tension . The electric motor is governed by a drum controller and is 
"equipped with a solenoid brake, with a hand-brake as auxiliary « equipment. 
‘Thus, the is moved, held level during operation, and may be stopped 
held any point by stopping the machinery. 
* When | a span is raised, say, 90 ft., there i is transferred from eee span side | 
“of the tow er sheaves to the counterw eight side, 90 lin. ft. of of suspending ropes 
at each corner of the span. This is no 0 inconsequential - weight ‘and would 


materially affect the | of the span were it not compensated. or 


1 
short lift at Summit (68 ft.) this change in’ balance is not dangerous; nor : 


does it cause excessive power consumption. — Compensation i is obtained on the 
other three bridges by balance chains hung x between each counterweight and 
its tower so that as the sp: span rises s and is lightened by the loss of suspending - 
ropes on its side of the ‘sheave, double this weight of the chains is removed — 
the counterweights. The ‘balance thus remains unchanged 


tus of Bach coranterweigt te: of with 
or wells. at the top for balance blocks. structural steel girder is used 
carry the weight of the forms and the first, or girder, layer of the counter- — 
weight itself. ‘This girder is a beam ‘designed 
to carry the superimposed concrete of the completed counterweight and, there-- 
fore, it was allowed to cure thoroughly before any further concreting was done 
on the counterwe eight. | The forms used were of 1s-in. and %-in. steel plates 


held to width and length | by & -in. in. tie- rods. ‘Didiculty w vas experienced 
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Wa, in chtcinins plane faces because no wales or continuous stiffeners w were used pte 
the sheets were too thin to have > the necessary st li 
Materials and Concreting.— —All materials were delivered by barge. Sand 
Oe and gravel were stored on plank platforms. Water for the concrete was taken |r 7. 
from the upper level of the canal for all jobs except that at Reedy Point, where f stairs t 
wells were sunk to avoid the use of brackish tide water. . The specifications illuming 
3 called for the concrete to be proportioned by volume of materials, but to con- gates, a 
ws tain not less then 6 sacks of cement for 1 yd. of 1:2 2:4 conerete, nor nor 5 sacks cuits ‘Te 


‘art re Some variation occurred in the gravel and there were natural variations in are inst 
ae . a the sand due to moisture content. iB was the practice to vary the proportions maximu 


- of the: aggregates for workability and to keep within a 0. 1 sack ¢ of cement of BS! ino 


a = prescribed | minimum, always keeping the water ratio as low as s possible. 4 ee 
Except at Summit, measurement-was by wheel-barrow. However, by cali- wt 
7 = _brating ‘the bucket into which the mixer discharged, a constant check was § Pack 

aa 7 available on the cement content. After each day’s run the sack count was het 
hs = 4 checked against the concrete yardage placed i in the forms. At Summit E Bridge, Chesapea! 


a conditions permitted two . whirlers to operate > within reach of one mixer, and Reedy Po 
a __a bateher 1 was built which permitted the use of a method that proved superior ——— 
7 Pi. to the antiquated one used on the other jobs; one whirler handled concrete = 


and the fed the batcher. Water regulation and ‘control were 


the mixer exhaust into the jets were placed in the aggre- 
‘riding 
gate piles. resh mass conerete was covered by tarpaulins and heated by 
steam. All materials were » unloaded to stock by whirlers which also handled tala 


‘Tower —In bridges of this the of wink 


a “a counterweights is carried d by the front legs of the towers, the rear legs : ag age 
4 acting only as bracing members to carry dead and wind loads. When the load 


a applied to the front legs or columns of the towers, there is an ; appreciable 


i _ shortening: due to >» the elasticity of the metal ; ¢ consequently, these legs are | fab- , Rew of 
a Ay ricated longer than normal in order to compensate for this shortening under Piteape 
As this takes place there isa forward rotation time 


guides and thus operate whe a minimum power towers must 


plumb in the transverse direction. Furthermore, both columns of the tower 


te the fixed end of the lift span must be in the same vertical | plane t to prevent a 
1%: binding of the jaw-guides which hold the span against longitudinal m movement. 7 
The heights of the towers from the top « of the the masonry to the center line of 


sheaves and the extreme span ‘lifts are as g given in Table 2. fleet? tr 
The towers of the Saint Georges and Chesapeake City Bridges wore 


Bridges, by transit. Each method has its advantages 


Re, by tere ay plumb- bobs and those of the Summit and Reedy Point 
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Illumination. —All illumination i is by electric power from the storage bat- 
tery. There are lights i in the battery house and in the ¢ operating room, on a 
‘stairs to the operating room, on the towers at the foot and top, for roadway > a = 
‘jlumination, as required by law for navigation, warning signals on the barrier 4 
con. gates, and flashing signals at the portals. As these lights are on wiring cir 
sacks fj cuits regularly carrying the normal battery voltage and as ' the voltage is much — 
higher during the time when the battery i is s being charged, , variable resistances 


ns in @ are installed in all ll lighting circuits to aaniads reducing the voltage to a safe. 


ey 
 Briage, Height of tower, in feet. | Height of lift, in feet. 


ridge, Chesapeake City, Md. up 


perior 


igidly 


commercial exch: zardless of the of the | span. This i is accom 
plished by means ‘of a flexible cable between the ‘span and o one tower. 
ani suspension point on the tow er. is s slightly above t the mid- height. A small 
my e riding in the loop of the cable and held | by a vertical guide-w -wire restrains ns the 
dled table from blowing against the ‘side of the tow er, or under the seen es 
TABLE 3.—List or or ExectricaL Units at THE 
“4 ‘Units, es, Del. Chesapeake City, Del. 
in horse-power. ......... of 
under Rates of speed in rising, in 
tation feet per minute.......... 
Number of cells in battery. 
by are Type of cells Fis 
of its Capacity of 40 amperes for 8/60 amperes for 8/60 for|40 amperes for 8 
b hours; final volt-| hours; final volt-| 8 hours; final) hours; final volt- 
ast age, 437; 160 am- age, 437; 240 am- voltage, 192;} age, 437; 160 am- 7 
t wer peres for 1 hour;|} peres for 1 hour;} 240 amperes} peres for 1 hour; 
final voltage, voltage, 405.| for 1 hour;| final 
arning Signals to to Highway Traffic. —For signaling to highway traflic that 
were the bridge is being raised there is a warning bell and a | pair of flashing red 


lights o on the oncoming side of each approach. Pipa are ‘put in action before 


— 
4 
J 
pa) 
— 
4 
— > 
BB itch must be on before power is avai 
on betore power 1s available for operating the motor, 


Storage Batteries —The storage batteries are housed in well- -ventilated brick 


buildings near the 1 north end of each h bridge. On all bridges except that at 
‘Reedy Point an ‘ampere-hour meter in the battery leads registers the app approxi- 
mate quantity o of stored power at all times. _ The indicator hand moves in one and 93 


direction as as power is withdrawn and re returns as it is re splaced by charging. An pete ; 
~ automatic trip on this meter shuts the generator set down as soon as the battery one ad 


Details of Construction, ‘St. Georges Bridge— The ee for this bridge Teache 


- Pequired a symmetrical lay- out of the two piers and two abutments, as shown and th 


= in Fi ig. 6. " The contractor worked the north side of the canal w ith a a 10-ton 


gravity 
bined 1 


leg “The were 15 ft. by, 41 ft. in even W 
caisson 


to be driven to Elevation — — 43.0 and the south one to 0; 
~ each case the top of the base was at Elevation 0.0, at which point the neat wk ata hs 


7 begins. - An attached coffer-dam was ‘required because this bridge crossed the and tw 


canal in the upper level where the water was held at Elevation +175. The pet 
cutting « edge « of the north caisson was set at Elevation + 9. 0. ‘The first concrete a 
with eg 


poured” was allowed to set six days before the forms were ‘stripped and th oe 
sinking was begun. 
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wall m: 
of eo Sinking was halted when the top of the concrete was about 24 ft. den the : i 
4 alsson 
‘3 ground surface, forms were set, and another lift of concrete was poured. "These back-fi 


lifts averaged about 6 ft. i n height. F in not less 1 thie 
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hours and sinking was resumed. ae: No unusual sinking difficulties were encoun- 


- tered in either of these caissons except that in the beginning the contractor’s 


“organization was indifferent to the need of checking the location adequately 
and directing the mucking properly. inspection force was determined r 
make ged pioneer job a | standard for the following ones, however, and d the con- i 
leaning 123 i 
‘orth and 113 in. west, W with only 4 ft. to sink before the pone arnt was, . 
reached. + The cutting- -edge at this” point was 48 ft. below the ground surface 
and the material had been ‘quite firm for the 27 ft. of 1 sinking q . The center of . 
gravity was well below the ground line and mucking under the high edge com- 
bined with blocking under the low edge was ineffectual to ‘right the caisson, 
even when two water jets were worked along the high side. All 1 this time the 
caisson was sinking and was soon below the intended landing point and in 
acceptable material for sealing. _ Finally, a a bridle was” rigged on -needle- -beams_ 
and twice daily a a strain was taken and clamped off, and the jetting was ‘con- D 
tinued. _ By this method in * 13 days the ‘caisson was brought to within 2 in. of 
plumb i in this direction. In the transverse direction high | end was loaded 
with earth by ¢ covering ‘the. east well and sheathing the east row of ‘struts, thus 


forming a pocket inside th the coffer-dam. Two jets were worked around “_ 


high end and the leaning was corrected from 12 to 1a in. in 11 days. _ When 


accepted for plumb, this caisson was 3 in. south and 5 in. “east of the center 7 
line with a 1-in. skew. ‘The center lines of the bridge» were shifted to ae 


‘this pier exactly on line, and the other units were built accordingly. ee er 


south caisson was handled i in a more workmanlike manner and was 

landed | at the intended elevation 2 in. south and 3 in. west of the line with a 

1-in. skew, and 13 and 24 in. _ out of plumb to the north and west, respectively. a 
The only unusual feature of its handling was the building of a wooden sheet- 

pile coffer-dam which was filled with sand in order » fee be able to build a dry | 4 
land caisson. a. A pump ) boat was used to feed four 2 2-in. jet pipes during : sinking. _ “eiy* 

wa Both caissons were sealed “in the dry” without difficulty. 2 The working 
chamber was first filled with conerete to within a foot of “the ceiling and 


allowed to: stand over night. The next day the working chamber was com- 7 


pletely filled and the wells were partly filled. two-line submarine bucket was _ 


used for this phase | of the work. _The concrete was dumped at the bottom and 


“placed | by hand for the seal as long as the men could work below. | On the 
second: day, when the ceiling was reached, several batches of grout were placed 
and then concrete was dropped from the top of the wells, in order to churn the 


close up against the roof of the chamber. ‘The greatest distance from 


no unusual problems. shafts, recessed for the web w 
were poured first, and after the concrete was rubbed, the coffer-dam was braced 


against, the to permit the > removal of the ‘eross-bracea that the web, 
W 
vall might be poured without boxing out: the bracing timbers. After this work 


was finished, the bolts holding the sheeting of the attached. coffer- dam to th 2 | 


caisson y were backed out, the timber bracing was removed just ahead of the 


= 
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CHESAPEAKE DELAWARE CANAL 


—The abutments are | supported on concrete iles 14 in. ‘Square 
i 


PI nnn from 16 to 26 ft. . The lengths - necessary were deter- 
‘mined by driving a timber test pile of the same cross- -section (14 in. by 14 in.) 


i... the concrete piles, —_ 30 ft. long; these test piles were driven when the 


abutment excavation was at such a depth that the little additional ‘material 


nor th abutment and a contour sid aida made of the devitions of the tips. 
when the requisite bearing of 20 tons per pile was reached. On this basis 
= were determined for 1 -casting the piles. The “first. piles driven 
stopped at the depths anticipated but after the soil became more compacted, 


those driven later met with greater resistance. It was impossible to drive test 
piles | even to the minimum penetration required in the coffer-dam at the 


south abutment. pA 14-in. jet was rigged up and five holes jetted over the area 


| 


disclosed the presence of a thick layer of fine tight blue sand ‘through which 
piles would have to be jetted. Consequently, 20 ft. 3-in. piles were cast 
’ with a 2-in. pipe in the center. Tn driving, a hole was first made + with a free 
jet and the pile placed therein with: its inside jet flowing. At times, the out- 
‘as side jet was ‘required during driving. In all cases the water was shut off w hen 


i the pile wa was within a foot of the required depth and the r remaining penetration 


was. secured by #l the hammer alone, i in order to have a figure for computing its 
supporting capacity, 


T he coffer-dams for these abutments were of design. Tongue 


: and-groove sheeting was used on one and a double thickness of 2-in. by 105 in. 


and 2-in. by 12-in. oak sheeting for the other. The bottom of the main “wall 
- footing was at Elevation + 015, 17 ft. below the water level in the old canal, 


i _ The piles were cast during the winter months and were cured under steam 


a8 at about 120° Fahr. They withstood driving very | well. . Two piles of 1: 15 5: 3 
Oath 


a - concrete, | cured for 19 days ‘under steam, 7 were driven on the twentieth | day with 
only a small amount of spalling on the head of one. No. | 2 Vulcan hammer 


was used for all the e driving 5 swinging leads with three guys w were used and the 
-- bottom of the pile was accurately set for locating it in position. cata oe 


The neat work of the abutments was of conventional design. a By some 
Bot etna bracing and tying back it was possible to remov re the struts of the 


i. 4 -coffer- dam timbering and pour the walls without boxing out the bracing. 
iD | Material for the approach embankment was partly caisson spoil, partly clay 
: dug by an orange-peel bucket from the canal bottom, and partly material from 
oy; 


of Steel Work. —The two towers and the lift span. of St. Georges 


Bridge contain about 250 tons of metal each. the floor, ‘the lift span 
weighs 700 tons. Due to the necessity of not interfering with canal traffic and 
the fact that five amen of the lift span were over dry land prior to the final 


Pikes 


operations, it was necessary to « erect the on falsework high 
enough to provide 55 ft. of vertical clearance over the water. All steel 


1 


for this contract was transported by water and unloaded at the site by as 


leg derrick o on the north side, which was mounted ta travel o on rails ‘Parallel to to 


tower 

derrick 
The 
leg de 


positic 
was tk 
botton 
the tor 
mason 
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bridge (see Fig. 6). derrick had an 85-ft. a$ “Steel for the south 


juare tower was then carried across the canal on a scow to within reach of the 


: in.) Fates bottom section of the north tower was erected by means of the stiff — 
1 the leg derrick which then was used: to erect the falsework for the north five 


erial panels of the lift span. A steel guy derrick with a 75-ft. mast and a 70- ft. 
boom, supported ‘on falsework 117 ft. high, was then rigged to complete the 


erection of the north tower (see Fig. 6) and, after being moved to a lower 
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position, was used to erect the north five panels of of the lift ‘span. ‘This derrick 


‘the tower, “where the bottom of the inast | was 3 about 36 ft. above the top of — 
masonry. - From this point a falsework bent was built to carry the south end of 
the lift span. During this time a “jinniwink” working from the top chord 
of the lift span, and fed by the stiff-leg derrick, placed the steel of na 
panels south of the center panel, eens over the channel. The guy 


tower in two move 


‘yo | 
4 
basis 
riven a 
| 
cted, 7 
area 
hich 
free 
— 
when 

10-in. 

Final Position — 

notre: 
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di Steel -plate counterweight forms were assembled on the floor of | the approach 
spans_ with the r reinforcing and counterweight girders inside. Two -eounter- 

- K _ weight” ropes were passed over each sheave, by a gin-pole mounted on top the | 
tower, and connected through the equalizers’ and eye-bars to the ‘counter. 
weight girder. The opposite ends of these ropes were then connected to two | 
rat sets of blocks revel for two lines to a hoisting engine, and the e counterweight 
box with the | girder: was raised until the ropes could be attached to the lifting | 
“girder. The gin- -pole then placed the | remaining ropes over the sheaves. After 
as all the counterweight r ropes had been connected and allowed to carry the full 

Sm load 1 of the « empty counterweight box (about 20 tons) some variation in length 
was observed, due to unequal untwisting of the 1 ropes in erecting. These 
ropes were disconnected at one end | and were reconnected with from one- half 
to one » and one- half turns n more > twist in them, depending on the ‘shortening — 

desired. . ‘Tests m made later at the rope factory on 13-i -in. . ropes, 176 ft. long, 

showed that a half turn changed the length nearly tin. . The b: balance ‘chains 


| 
ere erected i in short: sections after the counterweight ropes, using a line from 


‘The towers were plumbed i in the position n of camber before 1 rivet: 


ng was begun. — Before riveting was begun on the lift span, it was swung 


 Concreting.- —Conereting of the floor- slabs and counterw erweights w was done 


‘ the following sequence, in order not to overload the two falsework bents which = 
then the sole support of the lift: span: :@) North span ‘slabs; (2 ) 7-ft. 


_ pour at the north counterweight; (3) 7-ft. pour at the south counterweight; 
(A) lifts -span ‘slabs; (5) counterweights completed ; and (6) south span slabs. 
oe ‘Dues to cold weather, a a special quick- -setting mma was used for the side- 
= * walk slabs of the south span. 4 All concrete, of course, was heated prior to 
placing in the forms. ‘The metal ‘counterweight forms were draped with 
tarpaulins extending - well | below the bottoms and were heated by steam jets. 
a Concrete for the counterweights and the lift ‘span slabs was clevated by 


of ‘a bucket ru running up a ‘mast. Such a a “mast w was set up on the floor 


on, 4-in. mortar By the time the paving was completed, all machin- 


> 
ery y other than « electrical, was installed, ‘and the counterweights ‘were loaded 
ay 


with ‘balance blocks until the span could be raised by the gasoline engine. by 
a ‘he falsework bents were then removed and the span was lowered to the eown: 
position; the e shoes were grouted to proper elevation; the e expansion | plates « on on the 
fixed spans were set to match those on the lift span; and the span and the 
counterweight guide casting were set and attached. One of the castings had 

bet aw rior to the pouring of any counterweight concrete. After begin- J 
y ning operation, i it developed that that method | was improper because the coun- - 


ag terweight did not hang exactly as had been expected and the guide casting 


4 


“ig an old lock and the bridge was operated by the auxiliary power unit pending» 


“a 


the completion of electrical installation 


quite rapidly. It had to be replaced by one properly set. ae ode 
i ‘Traffic was turned « on the bridge on March 1, 1926, to permit the removal — 
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ach 

ter- of travel p min., much adverse comment was forthcoming from the traveling 


of electrical: equipment was completed before commercial 
power was made available for operating the motor generator set for charging 
y the battery. a4 After the battery (250 cells of 9 plates each) was set up and the 


ight 

in e electrolyte poured, an attempt v was made to make the initial charge by driving 

fter the generator b by the gasoline motor, but to charge e the entire battery as saunit 

full | was impossible, because the belt drive, from engine to generator, was 1 too short — 

and was in the wrong direction to transmit full load. Consequently, the 

long tery was ‘split in half "for charging purposes and each half was charged for 

half twelve hours each day continuously except for time required for making lifts. 

ning days were required to raise the specific gravity toa ‘point high enough 


ong, to make it safe to leave the battery inactive. WwW hen commercial electric power 
ains me made available, operation was begun with the use of regular equipment. 
Tom & ‘The speed « of travel i in lifting was increased to 60 ft. ‘per min., with a satis- 


Chesapeake City the bridge crossing was over Back Oresk, which is tide 
water. Both pier locations were in the stream and both abutment locations 
hich covered at high tide. « contractor elected to w vork each side with his 
ft. fav orite bit of equipment, a a 10-ton “whirler” derrick with a 75-ft. boom. — 

Jets. ~~ Loading 


House Platform 


vst ess 


here 


Center | enter Line trae 


egin- Catssons. —The pier bases were 16 by 43 ft. in plan were built 42 ft. 
soun- and 49 ft. ‘high for the north and south piers, respectively. The planned 
sting ‘devation of the was —15 (mean low water at Chesapeake City is 


Elevation +2. 3 and mean high water is Elevation +4, 5). ‘Floating 


poval ft. high ‘were built on land ‘wane and launched at high tide. composite 
iding © \ steel and timber construction was used; the cutting- -edge, walls, and roof o 
10 ft. the working chamber and wells for a height of 20 ft. were of ‘steel-plate and 
ak angle construction as ‘was some bracing in the bottom 6 ft. The outside — 


ers, 4 
v 
— 
at 
— 
— 
— 


above the cutting-edge were of 3 by 12- -in. tongue-ar -and- oak sheeting 
supported by 12 by 12- in. timber bracing 


‘eaissons: were adequately « caulked no 
in towing them to position. 1 The work of sinking the floating caisson to the | 
creek bottom was begun on an ‘ebbing tide until 6 ft... of concrete had been 
P poured. At first, difficulty was . experienced in keeping the | caissons plumb 

because the 1-yd. concrete bucket was too large for the narrow caisson open- 
‘ ings. Open- well dredging was ‘then begun and concrete was poured as required. “ 


_ Attached coffer- dams, similar in detail to those used at St. Georges, 1 were used 7 
above the tops of the caissons. wot Had 


‘The south caisson was sunk by open-well dredging until it became apparent — 

that proper control ‘was impossible because of buried logs. The equipment 


for pneumatic work was then installed. _ There were three wells, ft. in diam- 
and one man- -lock, one muck-lock, _ and one concrete lock. This caisson 


was sunk under air from Elevation - —28 to Elevation —42, when it was neces- 


sary to shift the pneumatic equipment to the north caisson. m Open dredging — 
was again attempted ab abandoned as unsatisfactory. After the north 


“caisson was sealed, the air equipment was returned to the south caisson, which 


was uneventfully « driven to Elevation —57 and sealed in a hard blue « clay. For 
- the sealing, both the concrete and muck-locks were used; the working cham aber 


_ was filled to within 1 ft ft. of the ceiling and | allowed to set under pressure f for 
60 hours before removing the locks and concreting the wells. 


north caisson was sunk to Elevation —42 by open dredging, where 


_ str strata of sandstone prevented further sinking by this method and the pumps 


3 A could not keep the water down sufficiently for men to enter the working cham 
> 
ber. ‘The air plant was was installed and the sinking was: continued tc to ‘Elevation — 


The material at this elevation was not as was desired | and, after ‘making 


a series s of explorations by auger borings, it was decided to stop the caisson 
where it was, but to excavate to Elevation —69 before sealing. 


in _ Erection of Steel. —The site of the Chesapeake City Bridge and ‘the Tae 


plan of erection differed radically from those of the other jobs. All three 


‘Spans were over water and within reach of the boom of a derrick- boat. Fur 
_ thermore, the span was too long to erect, economically, on -falsework, at the 
‘same time rovidin the re uired clearances aie 


The towers, above the bottom section, were erected by a “creeper which | 
traveled up the front legs. A small stiff-leg derrick (equipped with a jib) 


_ was mounted on a trussed frame that rested on brackets bolted to the tower 
columns. The entire unit wa was hoisted by cables reeved through blocks attached 


to: the tops of the last erected column sections. . The sheaves were set and the 


ropes hung by this creeper. 


P counterweight of the sa same metal as those at St. 


Georges, were assembled Testing ona grillage supported by temporary cine 
ar attached to the tower front and rear legs. In this | position the counterweight 


was about Te ft. below its position with the span seated. _ After the towers 
1G. ar on? acu wort 
riveted the counterweight conerete was poured sufficiently high in ‘the 


so as not quite to ‘the metal and machinery of the lift 
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The balance | could not. be until after the grillage 
oy The lift span was erected on three scows anchored in front of the south 

a pier | and was protected by a system of pile clusters. The operating machinery 


was ‘installed and the down- haul ropes run on the drums. The up- -haul —_ 


had been attached to the tower tops. The falsework on ‘the scows had been 
detailed so that, at high tide, the span would be high ‘enough to permit attach- 


ing the ropes, already fastened to the counterweights, to the lifting girder and, : 
partly flooding them at low tide, the scows would lower the | to its 


ith adh yh 


_ position on the shoes and be low enough to pull out from under. oa oe 


On 93, 1996, canal traffic at ‘this the 


e removal of four « deflector ‘dheltves and a steel member in the boo 
floor system at the x north end the was coaxed into 
= ‘counterweight r ropes (sixty-four in all) _ were connected and after the — 
scows were taken from under the span, the supports upon which the counter- 


weights had been built were removed, and t the installation | of operating ropes 


vl 


wa as completed. _ Thereupon, an an effort was made to raise the sp span by means of 


the 40-h.p. gasoline engine. ‘The first effort was unsuccessful, due to extra 
weight that had been placed on the span to insure its picking the counter- 


weights off their supports. . After the removal of of some of this weight, the span 


was: on the second attempt with» the engine fully the 


: from the span to the counterweight side of the sheaves the engine found the | 

load | easier and ¢ easier to pull ‘until after having lifted the span 86 ft. the = 

balance was nearly even. The span was lashed at this point : was” 


moved a again \ until all eed concrete and paving work was completed. 


towers a as soon as were plumbed and before the 

‘poured. On the lift span the lifting posts, lifting girders, floor-beam connec- - 

_ tions, and stringer connections at alternate floor-b -beams were riveted while the 


- scows were carrying the load; all other riveting was done after the ‘span was es 


After the span had been raised and canal navigation had b been 
an investigation as to the cause of the lack of end clearance during the 
in” was made. It was ‘discovered that through error in the 
drafting- -room, four members in the eleven- panel trusses, had been fabricated | 
28 in. too long. To replace them was impracticable and it was necessary to 
_ shift all the deflector sheaves 2§ in. and to reinforce all top chord splices — 
7 (many of which were partly open) so that the stresses might be computed as _ 
being carried entirely by rivets. vd Hind at gi ~~ 
= On April 24, 1926, all metal work, concrete, paving, and machinery installa- es. 
tion had been completed, and the bridge was opened to traffic to allow the oe. 
ae of the old bridge. On the next day, while operating in a heavy wind, - oe 
ee balance chain fouled on a horizontal brace of the north tower, and broke. 
the falling ch: chain» and the tower were severely damaged. bridge was 
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“of the chains ns and ‘towers were re ordered. ‘The to this bridge 


constructed by the State of Maryland. — The cost of the bridge wv was $476 000. (whi 
_ known as the “Deep Cut”. The banks at ‘this point ar are 80 ft. high and it was Z 


necessary to excavate 56 000 yd. “of dry material so that the substructure 


could be put in and the approaches made. - This was an extra contract item and 7 


the 
becan 
neces 


was performed by steam shovel and 3 in period of four months, before Tt 


“actual work on the regular contract | could begin. ‘The bri dge rests on four surf 


shown in Fi ig. Piers Nos. 1 and 4 are through abutments, and 


ito lity a Service Truck ve 


1 


|) ees side: 


fy 


placed 1 the concrete for Piers Nos. 9 and 3, but trucking’ was ha: 


as 
convey the concrete to Piers Nos. 1 and 4. aro at Yo 
Caissons.— —The pier r bases were built by sinking concrete caissons, 20 by 


46 ft. in plan, with three 7- -ft. wells. These wells are of the same type as those 


described for the bridge at St. Georges. The base for the » south pier 
_ planned for a height of 49 ft., but was built 55 ft. high. _ The b base for the — a 
north pier was planned and built with a height of 43 ft. The attached coffer- 


dams in detail to those at St. ‘Georges: Bridge. 
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. shoe for Pier No. 2 was: 3 set at Elevation +41 and the: first p pour made. 
After the usual 6- day « curing time, the work of sinking the caisson was was begun. 


At Elevation —27 it became necessary to extend the attached coffer- dam Fi 


‘(atch wen already | 24 ft. high) by an additional 20- ft. section. } The sinking g of 


the caisson was resumed, but friction on the sides of the attached coffer-dams° 


became so great that three days of jetting and jarring with dynamite were 


necessary to start the caisson moving. Steel drums ft. in| diameter 
“were around the wells, a1 and ‘the caisson was loaded with mud for added 
Ww eight to aid sinking. . At Elevatio 7 the west end of the : attached coffer: 


was seen to be pulling free “from the caisson and sinking was stopped. 

At this: point the top of the pier base was at Elevation +6 and the 5. 


 *e: surface at Elevation: +41, which gave a vertical height of (35 ft. of attached 
ss dam subject to skin friction. Thirty days. were ] lost while 45- ft. . steel 


sheet piling was secured and driven around the caisson. This sheeting was 
driven quite to the attached coffer- ‘dam and penetrated to 


w as resumed inside the steel- os ‘protection, aa the caisson landed at Eleva- 


tion | 42. 8, din. east of line and 14 in. north, wit th 3§-in. . skew. 


Borings were 

he caisson was sealed “in the dry, the material. being placed along the 

i cutting-edge by hand and, finally, dropped from the top of the Ww wells” to insure 

Abutments.- —Piers Nos. 1 and 4 were exca avated to depth of 40, ft. by 
hand. The material was loaded into buckets which were handled by the stiff- — 

leg derrick. ope open timber coffer- dam was used and at Elevation 
siderable water was encountered. — . The foundation ‘was excavated a foot lower 

“i grade and a mat of dry concrete was placed t to assist in controlling the _ 
- water and to provide proper material on which to pour the reinforced footing. 2 
A sump for pumping was left, and when the footing had been ‘placed the ‘sump 

plugged. shafts were completed next. Owing” to the ‘appreciable 
quantity of ground- water present, ‘it was thought advisable * provide some = 
means of handling it, should it tend to uncover the footing. “ To this end a i 

— wall 4 ft. high was poured between the piers and beyond ‘to the end of the -_ 


with drain pipes 80 o that a connection might be to them. 


n for the use of falsework 
dents entire structure, the lift span being exected. in the down posi- 
- tion. This plan left a clear height of 56 ft. through the then n existing canal 


which passed under south approach span. One bent of 
was omitted under the fifth panel, leaving a clear width | of 25 ft. between 


| to investigate the bottom material and it was found to be satisfactory. 


| bents. Timber fenders were built to protect. the pile bents in the narrow 


The ‘machinery were delivered by rail at Mount Pleasant, Del., 


- two miles from the bridge site, by a concrete aaa and were deena to the ne 
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10- ton with 50- ft. boom was set the falsework as well 


were completed a guy derrick was set on falsework on top “of 
= end of the lift span and by the use of a 100-ft. boom all the north tower : 
a was) placed. b The derrick was shifted from the ‘north to the south end o of the 
Tift span in 8 days, and the south tower was erected in 14 days thereafter. 


SuBsTRvoTURE or Reepy Point Brive 


he Point Bridge was built over the already dredged, but not then 


new entrance south of Delaware City. abutment and pier details 
= quite similar to those at St. Georges, except that timber piles were et 


under the abutments instead of -conerete. (See Fig. 9. The site was level 


free from obstruction of any nature. "Abutment excavation was 


ae in a light sand and jetting of the piles v was not necessary ; 26-ft. piles veadlied 


hy 
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ace of Backwall “ment 
H —Center Line Pier Base Center Line Pier Base appre 


_ Caissons.—In order to avoid the building of floating caissons, circular 


-dams, 43 ft. in diameter, were driven i in 40- ft. lengths of 134-in. straight provi 


a web steel sheet- piling to Elevation —30 2 and filled up to above high water with ae 
sand dredged from the canal. The caissons were built on these islands. | Exca- bg 


vation was done partly by orange- ‘peel bucket and partly by hand. Piste. ol 


Erection of Steel Work.- —The shore lines, at high tide, were against the 


img 
; the ‘channel was closed to all traffic and the Government 


the contractor a 10- ton derrick- boat these last named features per- 
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mitted erection (3- -pile’ bent) and the building of ‘the lift 
span complete, including concreting and paving, in the down position. 
ee Some steel was delivered by barge from the rail- head. at Delaware City, — 
but. mostly it was trucked from Wilmington, Del., and unloaded by the 
- The bottom sections of the towers were erected by the derrick-boat on the 
|: os side and by the traveler on the north side. The same creeper that was — 
used at Chesapeake City, revised for the n narrower width, was used to erect the _ = 
remaining tower steel and n o difficulty was as encountered. The sheaves 
; the counterweight ropes were < by means of the creeper before it was finally 


- lowered to the ground. + The lift : span was erected i in part by the derrick-boat 


w with the Chief of United States the 
_ sylvania Railroad Company arranged to rebuild i its bridge across the canal. 
_ The new railroad bridge was to be of the same gener ral type and clearances as 
- those adopted for the highways, and pier foundations were to be carried to the 
same ¢ depth. Detailed studies of plans were initiated at an early date wil 
the engineers 3 of the Railway Company. A ‘slight change i in the location of the 
bridge was found to offer decided economy and greater facility for caring | 
for both canal and railway ay traffic during construction. . The change i involved ; 
“shifting the center line of the bridge about 250 ft. southward from the old 


The construction was completed before the excavation of the new canal bed - 
below it. new canal alignment was changed to conform to the new layout. 

vi - Under the agreement the entire work of reconstruction was to be under- 
the Railway ‘Company the approval of District Engi- 


The span so that the new bridge was constructed end to end with the old one. : 
q 


ithe 
vertical lift. The’ main piers were 211 ft. apart center to center; 
north tower, or approach ‘span, 172 ‘ft. from center of rest pier to center 
4 of main pier; and the south tower or r approach : span, 106 ft. from face of abut- bes 
: _ The site of this bridge was occupied by an 
approach | embankment tealfting to the old bridge, making it possible Lawl 4 


struct the new structure around the old track. Yo 


bridge. "The southbound track was left free for use of 


of the highway bridges, for the heavier loading. The main piers were 

sunk by the same process and to the same me depths as those for the highway a 
bridges. The foundation n ‘material was not as satisfactory as could have been a 


‘desired (eepecially that in the north main caisson) and, ater, ‘gave rise to 
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troublesome | pier movements. There was s, however, no promise finding 
better material by going deeper, 60 it "Was necessary to: make the best of seal 


: ‘material encountered. The share of the cost of this bridge paid me 


St. Pennsylvania Railroad Bridges were 7 
a 7 ne constructed prior to the excavation of the new canal prism past their sites, and 7 


z: subsequent to or ‘during such excavation, movements of the main piers oceurred — 


- all three cases. ‘The principal movement in each case occurred on the north — 


. pier, and in the latter two ¢ cases it was sufficient to interfere w with the operation 


of the bridge. ‘The. maximum movement seems to have been about 3 in. hori-— 
zontally, that is, the piers moved toward the channel that much, while the 
-pailroad bridge pier not only moved horizontally about the same amount, but | 
also settled about 3 in. This movement in each case appears to have bee en 
due toa slight tipping ¢ of the pier due to a re- -adjustment of earth pressures u 
3 ave after ‘the foundation material had been | disturbed | by the excavation of such 
_ = large prism. _ It was necessary to re resort to corrective measures in each case 


in order to the bridge operative without danger to either canal or 


og an The railway bridge w was raised by jacking, and the north tower was moved — 


back enough to give proper clearances. were placed under it to r: raise 
t to proper gr: ade. _ After this operation it wor rked satisfactorily. 
A different method was used on the St. Georges Bridge, where a horizontal _ 
‘movement alone had occurred. pump-boat capable supplying” water for 
_ seven or eight jets of 14-in. pipe was available, and jets were sunk on the land 


‘side of ‘the piers until the material was loosened all the w way down. At the 
same time a 3 -in. steel cable was passed aula pier in a loop, and the 4 


4 ores were brought back to substantial “dead men’ located x near the abutments 


These ends’ were attached to serew-jacks working on the “dead men’ to give 
strain on th the cables. The were tightened as the jetting proceeded, 


and, in this manner, the pier was slowly brought back into its proper position. 
The same method, with suitable variations, was then applied to 


ay The soundness of a prediction for an early demand for an increase in the 
capacity of this Waterw ay has been questioned. 1 “Antagonists of lwaterway 


_ improvements have declared it a waste of public funds. This is not the case 


in the instance of the Chesapeake and Delaware Canal. Assuming that a 


public work like this is for -publie good, for public. convenience, a: and for public 
: sd economy, this canal makes an excellent showing for the funds expended on ite 


Omitting all consideration of pleasure boats, passengers, and empty vessels, 


ne it gives passage to from 600 000 to . 700 000 tons of freight annually. Knowing 
the classification « of this freight, its points \ of origin and ‘destination, and the 


proper carriers rates, it is ; possible | to ‘compute the actual cost of transporting — 
freight by. what it would hay have cost if ehippe 


<4 


rat 


since 
Earl 
with 
predi 


wi 


lecte 
“wate 
_ level 
hegle 


‘it ex 


Cree 


rai 
thus 
4 
4 
inter 
of fr 
— 
P 
— 
that 
invo) 
Wave 
Ther 
in su 
= 

— 
| 
“not 
— tide 
Ches: 
each 
Ab ft. 
| 
i but f 
4 
— 
— 


| THE CHESAPEAKE AND DELAWARE CANAL 


This was in 1996 for the canal for the entire ‘period since 


t was taken over by the United States in 1919. From rom the annual savings 
thus computed there was deducted all actual operating costs: of the canal, an 
“assumed | sinking fund of 2% to amortize the total cost in fifty years, and 


interest at 4% on all appropriations. _ After making these deductions, the: net 


1 


in numbers $1 000 000 per year, or, say, 25 for every. 


= to the » completion | of the canal, considerable interest from te nical 


| and practical standpoints attached to the question of the’ tides and currents 


that: might be expected after the completion of the projects. The 


involved a study of the result of the interference of two unequal 


Waves in a canal, of limited length and of ‘practically constant cross-section. 

ea There is little knowledge i in the er engineering world of the resultant preiesecrey 


~ in such cases. “te Navigators | are interested in them from a practical standpoint, 


they will have a “bearing on 1 the passage of vessels through the canal. 
E arly attention, therefore, was given to studies of phe nomena to be expected — 
with a view to predicting them beforehand, and subsequently checking the 


predicted results by observing the actual phenomena. 


The canal was to be 90 ft. Ww vide on the bottom, with side slopes 0 of 1 on 2. 


it t was to be ‘somewhat wider at the two ends, but this extra width was neg- 
lected in _ studying the problem. The depth to be 1 12 ft. at mean 


ae referred to ‘the Sandy Hook datum plane; that i is, its bottom was to a 

level. ‘Att has only a few curves, which are long radius, and these were also 
3 neglected. Its length fr om Delaware River to Back Creek i is 13. 5. miles, and — 
it extends down Back Creek (a slowly, widening stream) for 4.5 miles. ~ Back 


- Creek was omitted from ‘consideration in the computations 1 for the sake - 

simplicity. omission undoubtedly involved some error, but how much 
‘ 


heap known. — It is thought to be small. . The major tide entering the pol “3p 


rel 
(an a average amplitude of 6 ft.) comes from the Delaware River. The minor — 


tide” entering from Chesapeake Bay has an average amplitude of 2.4 ft. 


Chesapeake City. Mean tide level is at s ‘substantially the same elevation 
' each end. The smaller tide reaches Chesapeake City. two hours earlier than the bs. 
_ major tide passes the jetties in Delaware River. The bottom of the canal ; 

15 ft. below mean sea level. 

_ There are many localities where unequal and opposed tides meet in natural ao? 


but most such cases the phenomena peculiar t to this -prob- 
a 


at 
ublic 


m it, 


lem are so masked by others due to purely local conditions (such ‘as varying 


widths and depths) that very little progress has been made in their study, a: is 


ssels, but. few st dies are avail ble in the En lish language. — a 
4 


of fairly constant and cross- sectional area are arti- 
on 
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3 The | Cape Cod Canal is an m artificial cut. connecting: Cape Cod 
5 with Buzzards Bay, in Massachusetts, presents the problem in a manner very 


| 


similar to the Chesapeake and Delaware Canal. ‘It has been described by | 
‘William Barclay Parsons, * Am. Soc. 0. Bes who based his study on the 


Probably the best study of the problem i in a natural channel is that of the is 


a - a Channel by M. Bourdelles,+ who does not attempt to solve the problem 


‘ translation, with a positive phase during high water and a negative phase 


mathematically ; but his explanation of the theory i is excellent. By following im 

the theory of M. Levy as given by Mr. Parsons, the writer has the 
tides and currents be expected in the ‘Chesapeake ar and Delaware Canal. 
- Restieted tides as given by this computation are shown graphically in in Fig. 


(a), and the predicted « currents are shown i in Fig. 10 


es: A study of the assumptions made i in the deduction of the Levy equations, ; 


a shallow canal as the one ‘under consideration. He concluded that: (1) 
propagated from each end should be considered merely as a wave of 


ae during low water; (2) its height at ‘any point in the canal should vary sinu- 
i = soidally as did the generating waves in the respective bays; (3) each of these — 


5 - waves of translation contained a certain quantity of energy ; and (4) one-half 


the energy was potential | and was represented by the height of the wave above 


sea level, and the other half was kinetic, represented ‘the ‘velocity of 
the water at a given point ; (5) this « energy was expended i in overcoming fric- P 


BS tion in accordance with a law which was deduced, resulting in a ced 


falling off of height of . wave and of velocity | as the wave was propagated far- 
a ther into the canal; (6) the resultant height at any point in the canal at any 


instant was the algebraic sum of the instantaneous heights due to each Aspard 


t that point; and, (7) the resultant velocity at any Soltit te was, ‘the algebraic 
ave at that point. 


ig. shows the ‘resultant heights and velocities as under these 


a There are no > striking differences in the results. Both indicate that 


tidal propagation is not instantaneous; (b) in general, the canal surface between. 


the two ends will be concave on a rising tide and convex | on a falling a 


the larger tidal oscillation at Delaware River progressively. ‘decreases 
‘amplitude to a point about 23 miles from Chesapeake City; (d) the 


: wave i is propagated i in the pasta of west to east, or against the direction a 4 
"propagation of the ‘Major component wave; ; and (e) the speed, or rate. of 


travel of the wave, is very small at the western end but. extremely rapid at the 


le 


gives symmetrical ¢ 


* “The Cape Cod ” by William Parsons, M. Am. Soc. C. E., 
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Height of Tide in Feet 


ositive Velocity Indicates Westward Flow 
Negative Velocity Indicates Eastward Flow | 

imes of Tide Above Mean Tide at Delaware River! 

imes of Tide Below Mean Tide at Delaware River! — 
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Chesapeake City Bridge 
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@ PREDICTED TIDES | 


| Positive Velocity Indicates Westward Flow | 


Negative Velocity Indicates Eastward Flow! 
Times of Tide Above Mean Tide at Delaware River 


Times of Tide Below Mean Tide at Delaware River -———— ’ 


of Current, in Feet per Second 
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: phase than for the negative. ‘i ee comparison of the two sets of predicted heights 
at ‘any given point shows but little difference in amplitude for the positive 


| the > principal variation being manifest i in the negative phase. ott 


i Greater discrepancies are shown in the predicted velocities. Both agree in| 

Gabdatiog that zero velocity, or slack water, comes at varying heights of the ; 
tide at different points in the canal. . It is predicted | to occur at or near mean 
sea level at the Delaware end and at or near high or | low water at the Chesa- 

a end, and that neither the time of slack water nor r of the strength of the — 


i 
: opposite. directions - the | two » ends of the canal , and that it will be nearest to _ : 


_ having a , uniform velocity i in all parts of the canal at times of high and low — 
water in the Delaware | River. The most striking ‘discrepancy is the difference | 


of the predicted resultant velocities. high velocities es are 


City in Fig. 10 (b), at a small figure at Mile 5, 
“and i increasing again at the Delaware end. 


a After: the water in the canal was lowered to sea level, no opportunity pre- 


ieontal ‘itself to the writer to make a complete comparison between these 
"predictions and the actual phenomena, because the slides in the canal fre- 


quently varied the cross-section. ‘The results” of such observations as e 
made, however, were deemed quite favorable for indicating what might be 


A comparison shows that neither set of predicted results agree with the 


phenomena as ‘closely as they should. For instance, the geometric 


“loci of high and low water have no similarity, and the maximum velocity of the — 


i 

at various: ‘points in ‘the canal is fairly constant. 

Observation does agree with prediction, howev er, in showing tant he 
resultant tidal wave is propagated from west to east at varying rates, and that 


slack water ‘strength of the tide are. not simultaneous throughout 


ax Comments 
requirements that traffic through tk the canal be maintained as as 
_ possible during re- -construction was a necessary one, but caused considerable. a 
7 trouble in ‘planning and controlling the simultaneous operations of several 
Traffic and had to co-ordinated at a 
-Dredges of large capacity and ample power w ere much more economical on vale ia 


| 
ai 


_ this work than ¢ small machines. The removal of all material possible by dry 
might have had some effect in reducing the activity of slides. Iti 


believed that in future enlargements of the canal this s will be necessary. — Tauhs oe: 
Leas expensive bridges n might have been constructed as ; temporary expedients te ; 
' thus effecting a considerable reduction i in present first cost of the canal. es The | 


course followed, ‘however, was in the « opinion of all concerned the. one having 
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‘THE CHESAPEAKE AND DELAWARE CANAL (Papers. 


private property leads to vexatious disputes, « exhorbitant demands for -com- 
pensation, and possible litigation, th 


Wet borings a: are e absolutely unreliable for determining t the character 0 of the 

 Widal variations of level and currents in the canal are on the whole -detri- 7 

mental to navigation. The detriment lies not so ‘much i in their effect on speed 

time of transit, as on safety to the vessel. if a large and heavily laden | 
vessel grounds and gets athwart the channel, as it may readily do under action 

of currents, | a fall in the tide may break the vessel in two. Tows approaching | 
closed bridges with a fair wind and tide, and having to check their speed on 

of failure of the bridge open, are. particularly to having 


settlers 


J a 4 
advance 


= 
| frequen 


surface 


Bitte annual 


constru 


— 


> 
— 
a ii dons 
| 
nl! 
| | 
> 
Ae 
| 
Americ 
| lar in | 


Livny 


i bie AMERICAN SOCIETY OF CIVIL ENGINEERS 


This Society is not responsible for any made or 


its publications. 


\ NATIONAL RE ECLA) cATION POLICY” th 


ver Lewis,t Ese. (by, letter). ¢—After a tour. of inspection in America i 


1918 the writer commented upon the irrigation situation as follows :§ 


bad as from lack a proper of the 
conditions and of all that is involved in the human aspect of settlement”. * * : 
_ “The chief lessons learnt were that settlers are not attracted to these 

fe as rapidly as was expected and that difficulty is experienced i in getting 
full payments from a large proportion of the settlers. * * * The supply of 
settlers with sufficient experience and capital is limited. * * _* Tt is worthy © 
of note that the American Government has not yet adopted the policy of loan 
advances (in cash or stock) to settlers to help them over the first few years.” Ae 


Devine the sixteen years that have lapsed, the U. S. ‘Reclamation Act has 
frequently been . modified, numerous ; Commissions have reported, and the Recla- 
mation Service has been unjustly abused and re- “organized, but it appears that 
no complete solution of the difficulties noted : in 1913 has yet been evolved in 
America. The history -of Government efforts in irrigation has been very 4 
lar in South Africa, although conditions are less favorable to success. The 
surface of the’ country is very steep and denuded. a The supply of water from 
annual » rainfall and other sources is very small and erratic, and the cost: of 
constructing storage works is excessive. The entire problem i is further compli- a 


tated by a heavy silt load in streams. The population density is less than 


10% of that in the United States; marketing conditions are worse; ee 
aeaty of political agencies to rush forward with ne new Projects or to ) obtain 


* Discussion of the the Committee of the Triigation Division on National 
Reclamation Policy, continued from December, 1929, Proceedings. = 
e 7 Director of Irrig., Union of South Africa, Pretoria, Union of South Africa. _ 


tReceived by the Secretary, October 2,1929, 
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picture 
direct 
monopoly of the market. _ Alfalfa was necessary : for raising ostriches and it 


could be grown locally only under irrigation. | . From 1906 to 1913 the av erage contim 


price” of feathers exceeded $13 per lb. and profits of at least $300 per pe ent er 

were made. Asa result of these large profits, vineyards and other estab- 

as ‘ 

Hished crops were uprooted from the existing irrigated lands and were replaced finanei: 

- a. by alfalfa crops. . There was a frantic rush to build new irrigation works, many conside 
elt of which were merely | primitive furrows to divert the intermittent flood flows gual 

two. 


4 ag from rivers. The industry was based on a fickle, feminine fashion and “all the 
exes were in one basket.” an The standard of profits w was far greater than the Thr 
? ™* general average for irrigation farming. In 1914, fashions changed, the World diately 
ow ‘<i War broke o out, a severe drought oceurred, and the industry er ashed. The value | aspects 
of the export of feathers fell from $15 000 000 in 1913 to less than $20 000 in | there i 


1918, and a post-war agricultural depression supervened. because 


From 1914 there was a feverish demand for storage works gene rally, to alle- oceu 


bits viate the unfavorable conditions and especially to save the farmers wv w ho shad _ Ind 
spent the their "capital | on flood- diversion ‘projects. To ) date the total "expenditure in rega 


for irrigation in South Africa is about $35 000 000, and nearly three- -fourths of J both co 
a. this expenditure was authorized by Parliament during the period from 1914 to populat 

y 1920. — Iti is now almost certain that the Government will not recover even half of Ital: 
j 
aie of this sum. Had the works been spread over a longer period and had active fam 
So steps been taken to check speculation | and to insure the rapid settlement of the more a 
area brought under irrigation, there might have been of recovering. a lands is 
larger part of the expenditure, but certainly not all of it. Since 1924 very few aging 3 


_ “new projects have been sanctioned and the question of subsidizing future works [ ment a 


are by | -operative irrigation district boards to which 


_ Government b has loaned money at 5%, payable over a period of thirty or forty South . 
years, Most of the land is privately ow ned, and the unit costs per acre of irri- expend 
gable land have been about $130, which is probably double the cost of projects in MM conditi 


i 


the United States. . In South Africa the physical difficulties are are eater, but the — Wit 


higher ] prices ; that. prevailed after the w rar (Ww hen most of this work was dor ne) @ tion sh 
accounted for part of the higher costs. _ The | better projects, however, were direct 


~ begun. first and the unit cost of future developments in arid poeiae is likely to Spain 
Be will be seen, therefore, that difficulties i in South Africa and i in the United @ to this: 
States are ve very similar. Engineers i in South Africa followed every | been re 
phase of irrigation activities in America, always: watching for the discovery crossed 
some magic process s which, without any direct financial loss. to ‘the Govern- advanc 
ee ‘ment, will rapidly convert the desert places into smiling gardens peopled with Ass 
healthy and Prosperous families. Lack of success in the States wat- ments 1 

oe rants the fear that there is no such process those pr 
By waiving int interest charges, irrigation projects of ‘the U. ‘Reclamation ~ 
Service| have been subsidized at least to the of 40% (the ratio is Le 
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EWIS ON AD NA’ TIO vAL RECLAMATI N POLICY 
according: to Mr. Li 


siderable capital and operating expenses have been cancelled. is a 
picture which, after twenty-seven years | of effort, ean only be described a 
direct financial faliawe,: Some of the causes ean be remedied, but others will 


continue for many years, and ‘the conclusion seems inevitable that under pres- ~ 


“apparently more than 0% 


nd it 


gee ent conditions Government effort in irrigation cannot be made profitable in a 
estab- literal sense. Similar effort in the immediate future will involve heavy 
financial subsidies. The case for the immediate extension of irrigation on a 
many eonsiderable seale will have to rest on the indirect advantages, particularly — 
flows fg those that are expected to accrue after 5 eer pee even than a generation 

n the ‘Throughout the w world irrigation on a large seale has only 
value 


because the opportunities for their more profitable 


o alle- oceu ation are restricted. 


had. India fulfills both these Spain and Italy fulfill the second, and, 


diture in regard to some of the earlier works, | the first condition ; but in later works - 


‘ths of both countries have found it necessary to resort to subsidizing. _ The density of 
914 to. y 
n half 


population in America is scarcely one-third that in . Spain: and « ‘one- -sixth that 
of Italy ; the relative density of the agricultural population is still less; the 
active 


standard of living is far higher; and towns and industries continue to . offer a 


of the more attractive | occupation. The problem of attracting ‘settlers t to irrigated 
ring a lands i is only a part (the a expensive part) of the general problem of encour- = 
aging agricultural settlement and development; and as long a as the Gover 1 : 


ment attempts to force the natural tendencies of : a ‘population it is likely that 
subsidizing in some form will be 1 necessary: udging by ‘results throughout 


the world and by the standard of direct financial success, 1 it seems as if the — 

United States has been premature anticipating a genuine land hunger. 

outh Africa has been still more ‘premature in attempting to recover the entire — . 


Bsodinire with interest, , under much less favorable physical and economical 

wnditions and | an even weaker intensity of land hunger. 
a W ithout entering into the question as to whethe sr it is desirable that i irriga-_ 


tion should be pushed ahead by Government, even if it involves an ‘immediate he 
direct financial loss, it should at least be ‘pointed out that i in such countries as a 


is generally to be grouped around the old irrigation works. | ~The road 


to this prosperity has seldom been an easy one. - Safety and security have often 
been reached only by a process resembling that by ' which the soldiers of Cortez 


crossed. the w w ratery gaps in . the Mexican causeway over the dead bodies of the 


yovern- 


with Assuming that a has decided to continue irrigation develop- 
es wal- ‘ments with subsidies there are a few aspects of policy that might be added to 
those by the Committee. ‘These fall under three herds A 
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program of reconnaissance construction; (2) subsidizing by additional 

“e* expense for development and settlement i in preference to, or prior to, reduction a conti 
_ : of expenditure on works; ; ‘and (3) taking the task of rate collection co completely i 
tions iz 
- of the ‘Tange of politics: by placing it in the hands of private institutions resoure 

te Steady Program- —It is unfortunate that the p popular demands for new irri- in ever 

gation developments generally come like sudden devastating floods and they § Col 

often synchronize with periods of agricultural depression or political elections. fnanci 
They prevent an adequate preparation ; they upset all economical arrange- | that fo 
ments as to staff and construction plant; they cause land to be brought w under _ to end 
irrigation before the advent of a ‘steady flow of settlers; and they are apt to. utmost 
market conditions. ‘Tt is 1 most important that a ‘more or less ‘steady hands 

program should be arranged over a Jong period. Furthermore, there ‘should Stern 

be no relaxation in the forces of reconnaissance, so that the “necessary inves- and fo 


tigations may go on steadily well i in advance of the program of constrnction, are all 
These» considerations are important for irrigation developments than 


for any other form of public works because essential factors, such as hydraulic 
and meteorological measurements, can only be properly assessed after long 


-ageme: 
‘constr 


pressu 


Subsidizing Developments.— -The made | by the writer in 1918 as to Jo 

‘the e slow rate of development and settlement seem to be equally true to- day. writer 


(1929). * If an irrigation project could be built to deal with a slowly expand- AN 

_ ing deviant with the same facility as in the case of railways, ‘roads, telephones, jest 
- ete, the slow rate of development would not be such a serious factor. Unfor- z “T, 

tunately, ‘most irrigation developments, the major ‘part of the ultimate that : 
expenditure on works must be incurred at the beginning. A simple study in aat 

arithmetic of compound interest and accumulating ‘overhead charges. wil the 
"demonstrate quickly the absolute need. of the full development of -reclar 
land affected by the new irrigation works. Experience has shown | 
as a 1 


> under the existing arrangement (which relies on the private capital of com- 


paratively poor people) development | requires at least three times as long as z 3 


it would with all the: necessary ¢ capital available at the beginning. Even State 
_ waiving the interest on capital expenditure for works has not proved sufficient bs fi as is 
to draw from private sources the capital needed — for rapid development | on s . 
a can hardly meet current interest overhead costs after ters 
4 ye 20 years can be made to reach the same ‘stage after 5 years, there is a consider- - iting 
- able sum (corresponding to lost interest and overhead expenditure during 1 : 
< years) that could be utilized better as a free gift in the beginning to accelerate 


x the development. case becomes ¢ even stronger if the slow development 
es. oof the land under conditions that now exist is not on the soundest possible basis” : 


= and if the Government, with experienced and trained Workers 


i are edie readily available, can achieve better development as, for example, in 

a leveling the land, which w will result in a 1 greater return from the water made . 

e-=" ee Saat by the capital expended i in the works. Its seems preferable, therefore, : 


_ to give the first subsidy i in the form of free capital for pop development : 
the land, but to leave interest charges 
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in with who have already land from their ow 


"resources: and i in seeing that an early settler does not take all the advantage ie 


a the expense of a later purchaser; oa there are complications: of this kind © 
a Collection of Rates Through Banks. —There i is nothing so damaging to the 


; Sinan credit of irrigated areas as the d deferment and accumulation of nig 


that form a first claim on the land. A common failing Oo certain politicians i is 

to endeavor to. gain immediate favor with their electors by exercising the 


utmost pressure to obtain these deferments. By placing the collections i in ‘the 


a 


hands of banks this kind of political interference will be considerably reduced. od nw 
Stern action on these lines will also be the best cure for ‘inflated values of land ne . s 

, bank man- 


National Reclamation Policy” was” created, and his letter to the 


tee, a at t the t: time of its appointment, included paragraph: 


to: ereste this new committee the ‘Executive felt 
that reclamation matters, ‘particularly in respect of ‘State and Federal rela- 
tionship thereto, were just now in a state of transition and uncertainty, and oe 
that a correct solution of what the governmental attitude should be, required ma 
the careful consideration of able men entirely familiar with the subject ft 
reclamation. This is a matter of great economic importance not only to the 
West and South, where reclamation activities will be greatest, but to the nation = 
as a whole, and ‘it is believed that no other group of men are better equipped, 
nor indeed anywhere nearly so well equipped, to contribute constructive thought _ 
x analyses of these matters, for the advice and guidance of Congress and of 
State legislative bodies, than. is a group of caretally. selected engineers, such on 


a8 is represented by this committee.” 


the Executive Committee’s. apprehension at that time was well 
founded is evidenced in a growing restlessness concerning reclamation 


“ters and a ‘steadily increasing spread of propaganda directed toward. discred- 
- iting and discouraging further Federal reclamation activities. . So pronounced 

~ has this trend been that, on August 26 and 27, 1929, a “Western States Gov- 7 

- emors Conference was held in Salt Lake City, Utah, to review the situation. 


4 


“However much or little one may agree, with the findings of the Committee 


‘Teport, it is gratifying to “note that in the solution of important economic 
public questions which have distinct engineering correlations, engineers 


Ale 


- specially qualified for ‘the task are willing to ‘contribute their time ‘and. ‘their 
trained judgments to ‘the analyses of questions, solely for public benefit. 
how 


This, of course, is as it should be. 
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JACOBS ON A NATIONAL REC LAMATION POLICY 


OLIC igus Papers, 
finds himself in general, although no agreement 
witli the findings of the Committee. _ While these findings have been set forth mgtas 
in clear, unmistakable terms, , each of them i is 80 1 important as to have merited sential 
antial 
accompanying discussion a and ‘supporting data, and the value of ‘the * the 


would have been further enhanced by a prefatory review. w of the Fe ederal “but: 

Government’s irrigation : activities , its problems, and its accomplishments, rs 
Lippincott, in his” subsequent statement* concerning the re- that irt 


long te 


port, sensing curtailment, supplies many of these missing data, and it is 
absorpt 


“a 


} integral part of the final report. unoccu 
‘The writer ‘eannot accept, without qualification, the e implications of Prin- may be 
ciples (9)t and (10). + Its seems to him that the Committee is unduly ex ment f 

eised over the ‘bugaboo of over- -production. With a present ‘annual import the Fe 

tion of $800 000 000 of foodstuffs, and with a population growth of 1500 000 -whethe 

per year, over- -production in the United States, if it be | a fact, cannot long Wit 

continue and, in any event, it constitutes - no ) sufficient warrant for long delay- a to mee 

ing the commencement of those major projects which cannot possibly be tk 

brought into full yield short of 20 or 30 years. _ Moreover, , agricultural a of inte 

duction is not wholly a National problem. It is, to : a considerable extent, : - willing 

7 : "regional problem also, and the desirability of : an irrigation project the pr ak of ‘tae 

of which may have, largely, a local distribution, should not be judged too ‘it suc 

‘rigidly by National considerations of possible over-production. Local econom- 

- tes must be accorded its due weight i in reaching correct final judgments. mek te 

1 Principle (10) declares that the State should share in the responsibility for re he 

the selection and approval of projects, and the writer would add the 1 Th 

oh State should also share in the financial r responsibility for the project. State 

operation should be made a condition precedent 1 to the extension of Federal, 

% aid . The State’s interest in reclamation is greater ‘and more immediate than that 3 

that of th the Federal | Government, and second only to that the on the 

project. All these agencies should co- -operate. Ifa State, through lack of y 

a courage and enterprise, or because it has not sufficient interest or faith in its BB suppo 

own development, is unwilling to assume part of the ‘responsibility for “needs 

as development, it is not entitled to Federal aid. It has no moral right to ask -reelan 

Federal Government to ‘assume, ‘on behalf of the State, a responsibility a Na 

which it (the State) is not willing to ‘share. ‘some instances, present imiga 

State Constitutions inhibit a practical financial co- co-operation ¢ as here contem- Unite 


this ean be remedied by Constitutional amendment. A well- planned 


operation should result in m more -earefully selected ‘protects: in a saner rand water 
more rapid settlement, which is all- -important, and, finally, in safer project logge 
investments for all concerned. If States deem such Federal aid and co-opera 4 there 


tion of value, they will soon correct any Constitutional ‘defects that stand in 


the way 2 their securing it. ‘The formulation of the details of a practical lands 
co-operation, of course, will require ‘careful consideration. 
$$ arid | 


ea ee . Proceedings, Am. Soc. C. E., May, 1929, Papers and Discussions, TE 
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| ™ terms for payments (not less than 30, ‘nor ‘more than 50, years), and the 


JACOBS ON A NATIONAL REC LAMATION POLICY 

“Many, ne no doubt, will t take ‘exception to the Committee’s condemnation of 
‘the waiving of interest on construction charges (Principle (11)*). Some si ‘sub- 


‘stantial reasons | can be advanced for the interest er, particularly as rt 


but the writer believes that the of ‘sound economics, 
favors the stand taken by the Committee. The only financial concessions 


‘that irrigation needs from the Federal Government are a low rate of interest, 


“unoccupied lands during the period of settlement. The last- eat concession 
be not as a subsidy, but as a payn ment F ederal Govern- 


“the Federal from are by no means s inconsequential, . 
| considered from the social, or military viewpoint. Te 


meet its obligations a as mature. Not only is it the writer's 
i the projects can pay, and that it is just that they should p pay, a low rate 


_ of interest on terms as specified above, but that, unless the Western States are 
“willing to accept such a consummation, the Congress will soon refuse approval 


of any further extension of Federal reclamation beyond present commitments. be. 


If ‘such acceptance by the ‘Western States was not justifiable on any higher 
"grounds: than expediency, it would have ample, practical justification on that : 


basis: alone, because the return to the Government of its investment with _- 
fair rate of interest is probably the only basis “upon which land reclamation 


can be depended as a cc continuing Federal policy. 


‘The authorities responsible for a National reclamation policy, as Mr. Lip- | 
pincott points: out,t should have in mind the creation of equal opportunities — 
and the stimulation of individual effort; but they should | also have in mind 
that reclamation must be founded on so persone d a financial basis that the return 
of construction costs, plus a reasonable interest charge, i is assured. | Otherwise, 
it is not enduring and, sooner or r later, 3 must inevitably forfeit Congressional — 

support. should also be sufficiently broad and adaptive to contemplate the 


needs of the entire country. People of the West are too prone ‘to interpre 
reclamation as meaning - only ‘the w watering of arid or semi-arid lands. From oe 
a National viewpoint, however, and this is an all- -important view point, the A 
imrigable’ lands constitute only a small part of the reclaimable lands of the 
United States. About 25 000 000 acres have already been reclaimed by irri- 
‘tation, and ‘it ; is es estimated that a like are area may yet be served economically ij 
water. The swamp-land area, however, approaches 100000 000 acres, and the fe 
“logged off 1. land area is practically the same. The remaining irrigable area, 
“therefore, re represents scarcely 15% of the remaining reclaimable lands. ~~ aa 
: _ They of the East. and the South, 1 where the major part of these unreclaimed 
“lands lie, are just now (1929), more than ever, voicing ¢ the sentiment that the is 
-Government’s future reclamation policy shall not concern itself solely with 


arid lands, but shall embrace these other lands as well. It is pointed out that, 


Am. Soc. C. E., September, 1928, Papers and Discussions, 99. 
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a SACOBS ON A NATIONAL RECLAMATION POLICY [Papers wi pial 

oe the Government has expended millions (about $185 000 000) in aid of ee 
irrigation, practically nothing has been done toward reclaiming the swamp ii 

cut-over areas; that the cost of. reclaiming these areas would be no 
more, and generally © would be less, than present costs of irrigation; and that Bi a 


they lie nearer "the cer centers of population and, therefore, could be more readily 
eolonized. These’ arguments appear - plausible ‘and may be sound. ‘They merit 
investigation : and consideration in formulating a National reclamation policy, 
There has been some , suggestion - in n recent years that the Federal Govern- 
; ™ ment confine its activities to the construction of storage works and, on the 
4 theory that these are required for flood control, , that | the Government assume 
all construction and operating | costs, and m: ake > the waters thus stored avail- 
: able, without charge, for irrigation and other uses. (This should not be con- 
fused with President Hoover's tentative plan, as presented by the ‘Secretary 
ie of the Interior at the Conference of Governors at Salt Lake City, on August 
a 26, 1929.) So far as ) irrigation is concerned, ‘the suggestion is subject to the 


-. (a) In some cases it would be a fictitious basis for Federal aid, for there are 
districts where there is serious need for irrigation storage and little, if | 
_any, need for flood-control storage. =... 
ee many instances storage may represent but a small part of the develop 


cost. The Columbia Basin Project, for instance, and such 


Ee where magnitude or other conditions impose a necessity for scribed 
‘Federal aid, ‘would never be built if the Government they so 

Unless the stored water is charged for (and this if made, should ~The 
ea o actual cost) its allocation can become a matter of political favoritism i" 
and political spoil. Allocation to various agencies on the basis of pri- | the Pai 
_ orities, needs, and benefits, and with a fair charge for water on ang . in allu 
time contracts, is more rational and business-like than supplying free only de 
& © storage water. The cost of that portion of the storage works that is been m 
ra properly attributable to needed flood control should be borne by Federal é | 
sen local governmental agencies ; that portion which is necessary for tions 
improvement of navigation should be borne ‘solely by the Federal as the 
a iat Government; and those portions which are for the benefit of domestic, vidual 


~ irrigation, and power uses should be paid for ratably by those agencies. 


other 
_ fine business integrity is thus preserved, and paternalism 

To charge nothing for storage water. makes the Federal Government fig- shown 

ss uratively and actually a “wet nurse” to irrigation projects, and that is" expecte 

good neither for the Government nor for the project. A worthy project 

and is willing to, pay for its necessary water supply. 
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AMERICAN SOCIETY (OF CIVIL ENGINEERS 
vern- Soclety Is “not x for any statement made or. ‘opinion expressed 
avail- 
= BY 8: ACRAMEN’ TO "AND COLORADO ‘R IV . 
cay AND BY THE IMPERIAL CANAL 
He. if Messrs. S. Linpey AND THADDEUS MERRIMAN ond 
ES. M. Am Soc. E. (by letter r).t—The observations 


sited j in this paper began with an attempt to fix a permanent cross- “section : 


for 
sls 
they soon n showed its ‘utter instability. ‘Under somewhat similar ‘conditions, 


could” 


nould : the writer found a special application of ordin nary rating curves useful. ae Snags 
The conditions referred to are those of the Indus and its tributaries within 
f pri- the Panjab; gradients range from several feet in the mile to less than a foot, se . 
in alluvium without any harder formations. Current meters were introduced 
only during the wr riter’ incumbency, and the observations then available 
at 18 

oderal vas that when observations were possible wert had been daily. indi- 
restic, Yidual observation could be accepted as reliable. As a test, as well as” for 
= other purposes, it was eminently | desirable to try temporary | or gradually ; hing 


ing rating curves. ie the result, although s some of the observations wer 


shown to be utterly ‘unreliable, the majority were very ‘much better than was 


we most useful ¢ tool was found in plotting the square roots of discharge 
against gauge-levels; ; this made each rating curve approximately a ‘straight — a 
line, and avoided the difficulty of locating a curve of greatly changing 


The rating curves of shifting sandy 1 rivers were to be 


more stable than had been expected, - Often a curve held good from the cessa- 


ie * Discussion of the paper by Cc. E. Grunsky, . Past- President, Am. ‘Soc, Cc. E. » continued © 


978 4 + Superintending Engr., Indian Public Works Dept., Panjab Irrig. Branch, Wotton- under 
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tion of monsoon floc foods “until the winter flood season ; there wei were no data for 
7 : monsoon fi flood seasons, but smaller floods affected the curves less than had been fj made c 


Wh ihe it was constantly “necessary to guard against giving» these rating ‘silt ban 


curves s undue weight: against actual observations, opportunity arose se of defi- head te 
a ~— nitely pr proving them. About six successive observations at one site 1 were quite 
tance f 


themselves, but disagreed with the curve for r the ‘season. 


They were found to be wrong when discharges passing that site were com: 
with those above and below. evaluating losses and gains between 


Successive sites, m more consistent ‘results were ¢ obtained from daily 


r 


f silt 
taken from the curves, than actual dail "observations. = 
This relative ‘stability rating curves can be understood if it remen- 
The 
 bered that an individual silt dune across. the ‘river will hardly affect water | 
devels above it, although it will produce higher, velocities and a steeper gra- 
dient i in its own area. The gauge at which a given discharge passes, depends Rihies 
a on the “average” bed level for some distance below the gauge site, that average any ch 


being reached by weighting divergences - from the mean ‘grade according to ie 
their: nearness to the ge gauge. is not sugg gested that this a average can actually followin 
= be calculated.) Therefore, a mere shifting of silt banks is likely to have no 


- practical « effect on the r rating curve, and the relative gat gauge height at which the 


q ; _ curve stands from time to time is some measure of the ) eRe extended ¢ changes = 
of ate In the observations described in the paper,* dehy 
in lish a dependable value of Kutter’s 1 n by applying | the average | gradient of an & , Mave 
8 000-ft. length to the average ‘eross- a 200- -ft. length; but this 

shorter reach may be one of a number i in w which h the depth is either small with 


high velocity and sharp local gradient, or ‘great. with low velocity and flat 


r local gradient; | or it may be one in which velocity 3 is either decreasing or in- 


| spacing 

creasing. To determine the value of n dependably, ‘it Seems necessary to 10 ihe per 
sound a length of channel sufficient average these. conditions. Friction en 
losses and values af n may depend less on the rugosity as ‘ordinarily estimated ie | 


from the channel surface,. than ¢ on the spacing of decelerating sections. from to 19 


rapids to pools which m may | be considered | a -large- “seale ugosity, and is ‘inde- a the v 


paper describing observations in Egypt the author, Arthur lettres 


assertedt a relation between the value of n and the silt charge ca- 


tied by the flow. in the discussion a a number of possible physical explanations “Tua 
- for the existence of such a relation w were ‘suggested, none of them really satis- ‘ssemb 
~ factory. A possible explanation that did not then occur to the writer is that pended 


the Lame and deeps of large- .-scale rugosity are likely to be more smoothed out much 1 


rs the floods that carry silt. ‘It would be of interest to know whether the « obser dent, ' 
vations described i in this paper throw any light o on this question. ar 
ls - The author quotes a series of analyses which seem to show that the silt Tuma p 
long the entire canal system was similar. In 1915 similar observations were As t 


 * Proceedings, Am. Soc. ig ag August, 1929, Papers and Discussions, p. 1474. | al 
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d been made a on the Lower Jhelum Canal in the Panjab, and on ‘gome igang 


inundation canals. Samples v were collected from just 1 under the surface of 


rating silt banks when the canal was not in flow, at a number of points from the — 

£ def- head to the tails, outside and inside offtakes. ‘Those of the observations that 
oe came under the writer’s notice showed fineness increasing regularly with dis 


fe tance » from the head. a Most offtakes have a tendency + to take more than their — 


share of silt, especially the coarser grades ; but the pairs of samples at offtakes 
eile showed ‘differences insufficient to account for the disappearance of coarser silt; 
pains it was not being eliminated by deposition, as there was no steady accumulation 
= of silt anywhere. — It was then suggested that even fine silt is subject to attri- 
tion, as as gravel and shingle are known to be in swifter streams. ‘aha 
er _ The author refers to “boils” on the water surface, and suggests that Sadie 
water due to the sudden slipping of areas of the river my The writer 
- lieves that he has seen them formed over the paved floors above the under- #2 
lepends duices of Panjab head- -works, ‘where it’ w improbable that the bed silt 
chance of coming to rest in the course of its flow ' 
ling to The author’s reference} to ‘ ‘rhythmic pulsation as if elongated “waves wer 
flowing each other down ‘the 1 river,” observed by the 
lave no 
‘ich the § 
shanges 
other. The down- stream “wake” of pier swings to side wether 
> estab- sharply, in time with this pulsation. Although the phenomenon did not seem 
t of an Hi to have any practical i importance, the writer once filled ‘some idle minutes by 
ut this sbserving, it. A pulsation of the same period was observable at the sides of 
all with the canal 1 up stream, diminishing with distance, but still noticeable 2 or a 
ind flat niles up stream. The water surface showed | ‘slight waves; their approximate — ; 
pacing divided by the approximate mean velocity of flow roughly, agreed with — 
sary 10 the period of pulsation. — It had then: become too dark to see whether they — 
riction ‘vere moving; they seemed to be on diagonal lines. No observations of i 
timated anal bed were made for comparison, but it has been seen to show dunes _ 
sad from Sto 12 in. high i in a 5-ft. depth of water, extending across an appreciable part co ee 
is inde ‘of the width in| single lines, and of about the same wave length as the surface ry 
ip raves; but the dunes would only move very slowly, down stream. Rough 
‘Burton feures from memory ar are a 5-sec. . period, 15- ft. “wave length, and 3- }-ft. velocity. 
anations THADDEUS Merriman,$ M. Am. Soc. 0. (by letter). §—The author hos 
ly satis- wsembled and referred to ) much of the available | data relating to the sus- 
- is that tended Toad carried by the Colorado, but the important question as to how 
thed out | tiuch material this river comin ap bottom load is treated only ; as an inci 
e obser dent t. Through th the literature the writer has. long been familiar with ‘this : 
river and a recent opportunity of examining i it between Black Canyon and 
the silt Yuma ania him to submit the following observations and deductions. 7 be a 
yns were As the discharge of the Colorado increases, a a substantial pert of 1 the 
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yet convincing testimony that this, ‘under- at all 


> points of approximately equal width, , where - the channel is confined by hard 
shores, is of practically equal volume. i ban 


_ As the discharge increases in the spring of the year the bed of the stream 6 000 


Be. ; is] lowered and widened and the surface rises until a maximum depth is reached in ar 
at or about the time of maximum discharge. Gauge heights during the flood say, 
season on the Colorado vary much more uniformly than on many other rivers lengt: 
because (a) The source of the water is largely : in the melting ‘snows; and the fi 
7 (b) the e regulating « effect of the long length | of river between Glen and Black ‘oad 

a Canyons tends to iron out the irregularities of flow. By reason of this approx- total 
; imal imation to uniformity of discharge, | long stretches of the river may, at any mean 
oa one time, be said to be at a proportionately equal flood stage. At such a time, @ - load 
—, th erefore, the Colorado channel within n any such stretch w ill have been exca- WW 
ated to sections ‘corresponding tc to the river discharge. Now if the rate of is aw 

4 


_ discharge be maintained for a period sufficiently long for the water to travel, Color 
say, from Black Canyon to Yuma, then all the material excavated between the 2 


- these points will have been carried to and delivered below Yuma. ‘The flow 9. 

records at the > Topock and Yuma gauging stations that this condition 

alt A flood: as it advances picks up material in proportion to the velocity of tion t 

; ~ Cea and thus the bottom load i is increased, while a receding flood is constantly. bella 

a reducing the burden it carries. The quantity of bed material moved out by -libriu 

¥ any flood is equal to the product of its crest length and the area of the deepen- -_ ~~ 

ing , induced w ithin that length. At or near the maximum gauge height the "proces 

river transports a maximum of bottom load, and as long as the gauge height “of the 

and the cross- section. remain constant the quantity tr ansported is the same Ps Ae 

ae year _ Every flood coming down the ¢ Colorado carries in its bilges sufficient mate- M about 

rial to refill the ‘space which it excavates. ‘The numerical difference between of the 

the volume of material removed from any section of the river bed and the § ‘ably f 

volume later deposited: therein is always sensibly equal to. zero. this ‘ 


80, or 

_ Bearing in mind the foregoing considerations, it is possible to predicate, set 
; aes that at low- water stages the bottom load is small; and 2) ‘that a: as the edly 
flow varies, the bottom load in any unit of river length will 1 vary directly with barren 


ae the scoured-out area of the wetted cross- -section and inversely as the average rainfa 


not so, the regimen of the river above the deltal area would show "progressive “to fac 


‘Tt thus follows that ‘the ‘scoured out area and the average velocity together Perc 


+ mot a direct ; measure of the bottom load. _ That is, the bottom load at ‘Ferry 
any instant in any unit length of the: river cross-section is equal to the B of the 
out volume ‘elf that cross-section divided by the average velocity the 


: grt flow. Did this equation or condition of equilibrium not obtain, the scoured- 


- out area could never be refilled to its original condition. This fundamental, 


on aia the argument presented is based, » may also be stated as follows: ae 4 
he volume 0 


The | bothom, load carried per unit of time is al to 
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‘pers. February, 198 1930. MERRIMAN ON SILT TRANSPORTATION | 
1 and is expression is is a of the equilibrium 
hard €3 way of example, if the low -w ater section area is 3000 sq. ft. and di 
this be scoured out by 8 000 additional sq. ft. while’ the surface rise 
tream § 6000 sq. ft., then the total section area is 17 000 sq. + 4 and the bottom load 
ached in any section of unit length is 8 000 cu. ft. divided by. the ‘mean velocity, 
flood 6 ft. per sec. The bottom load thus is 1333 cu. ft. } per ‘unit of 
rivers @ length and thus 7 7.8% of the water volume is solid material in motion. As 
3; and @ the flow falls off, the condition of ‘equilibrium being maintained, the bottom — 
Black load is immediately reduced and the bed is partly refilled. Thus” if, with 
pprox- total section area of 8 000 sq. ‘ft. , the scoured- out area ea is 1 000 sq. ft. , and the 
at any ‘mean velocity i is 5 ft. per sec., then 2.5% of the wa ater volume will be bottom 
| eXCa- a The principles. advanced should be of ready application, although the writer 
‘ate of BS is aware that certain ‘practical difficulties will arise. . In the first place, the | 
travel, Colorado, even at its lowest stages, carries” an appreciable bed load and 80 
etween fl “the zero datum of the scoured-out area’ may be determined o only y through : a 
flow series of _approximations ; and, secondly, it may develop, on further analysis, 
adition that what the writer has designated « as bed load may, in fact, be the total load. 


4 The equation of river equilibrium, herein stated, should also find applica- -_ 
| tion | to a case such as t that which t the Colorado be below Black Canyon will present — 
after the completion of the reservoir at that place. Here the existing equi- 


city of 
stantly 


out by # ibrium will be destroyed, and the river will immediately set t itself t to the task a 
leepen- Hof ‘establishing new conditions of stability. ‘The effects produced as this 
sht the process: proceeds may may be forecast. by me means» is of the principle of ‘the continuity 

e same a. “Accurate knowledge of the total silt load carried by the Colorado is of 


t mate- 


vital importance in connection with the many developments which center 
“about it its waters. ‘The volume of suspended load reported by the observations — 

vetween of the various Governmental departments seems too small to ‘account reason- 


and the : ably for the actual erosion fi from the 155 000 000 horizontal acres of : the | Colo-— 


are this rado water-shed above Yuma. rr The conditions on this water- shed are ‘such as 


gressive to facilitate erosion and the forces a at work are great | and ever-acting, Jel 

Bok, under the e prevailing small r rainfall. It. is even conceivable that, in times ae 
edicate, past, under a greater precipitation, the total erosion may not have been mark- : 
, as the | edly greater than it is under the conditions of to- day. _ A low rainfall in so 
tly with @ barren country ry may easily be the cause of more erosion than several times s that le 


average vainfall on an area closely covered with vegetation 

ee e princip es presented, when applied to the records of flow and change 
together in cross- section areas at the Yuma, Topock, Bright Angel Creek, and © Lee’ 3 
load at Ferry gauging stations, will, it is believed, shed much light on the problem 
of the bed load which the Colorado yearly delivers to its delta. ft In any event, 
the are that the volume of this when determined, will prove 
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aint wit 


A 


Lewis M. Am. Soo E —In this compre- 


a 
hensive paper - the author ‘refers to the ‘eta “What led to ‘the adoption 


of 25 cycles as the standard frequency alternating -eurrent generated at 


Niagara Falls ” In answer, he quotes§ | a paragraph from the Electrical Engi- 
neering Papers of the late B. G. Lamme. Mr. Lamme’s statement is correct 


as far as it goes, b but further ‘explanation of the origin of the two standard 
frequencies: now in wide use America, 00 ‘cyclen Ba sec. and 


The originally adopted by El 


ss soin 1885, , when that Company a actively undertook the development of alternating 


for commercial purposes, was 1833 cycles per sec. This was the fre- 
quency used by Gaulard and Gibbs in demonstrating their system in London, 


ait Pa the original Gaulard transf. ormers impor ted by Westinghouse were designed a 
1 A for it. A few years later the advantages: of direct connection, of engine an 
alternator were clearly recognized, and it became necessary select one or 
two lower | frequencies adapted to ‘the low er alternator speeds which 

-eonnection implied. In selecting a lower frequency, it was necessary y to con- 

» tie sider its effect upon transformers, motors, incandescent lamps, ‘and are lights | 
as well as upon the cost and performance of the alternators. Tesla’ _Ameri-— 
a can patents covering the polyphase n motor had been acquired | in 1889 and 
viage serious: difficulties had been encountered in trying to adept, this motor to 

date 1 would “not give satisfactory results, on frequencies lower than about 60 
a cycles and after a considerable period of study and experimental investigation, 7 te 


it was decided in to adopt 60 cycles per sec. as the -Company’s standard 


0 frequency for installations in which ‘incandescent lighting, a arc lighting, and 
«motors for industrial purposes predominated. Where a large proportion of 


one the power transmitted | by alternating: current must be converted to direct 
er. ‘current, for street railws ay or storage battery uses, “it was decided to pas ag 
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the ‘Company > y cle 


1) Secs. 


In 1893, when formal proposals for the first three 000-h.p. p. “alternators 
auxiliary equipment were invited by the Cataract Construction 
pany, the companies submitting tenders were faced by the fact that the 


: ~ hydraulic turbines had been ordered and would oper erate at 250 rev. | per er min. 
it was found impracticable to design two- phase alternators which, at this 


speed, would deliver current at 30 cycles, the first formal tender of the W est- 


inghouse Company w as for 16 pole ‘machines which would operate at 


eycles per sec. Professor George Forbes, one of the ‘consulting of 

the Cataract Company, adv voeated 163 cycles, 
Saas In the early autumn of 1893 the writer w was asked by the then President 


of the Cataract Company, ‘Edward Dean Adams, F. Am. Soc. C. E, vy whether 
there was any frequency other than 1333 ey cles per sec. ‘upon which the W est- 


i inghouse Company | would be willing ; to bid. In response the writer expressed 


aS the opinion that 25 cycles | was ‘practicable. Mr. Adams" asked him to take 


a the matter up with his associates at P ‘ittsburgh, and the result was a new 


i tender based upon 25- cycle equipment. ‘This tender was accepted by - the Cat- 
aract Construction Company, and, int this way 25 cycles was adopted as the 


n connection with the first it was necessary, of to 
oy. 

design transformers, meters, volt meters, watt meters, etc., for the same fre- 
quency, that is, 25 cycles per sec.; thereafter in every case in 


_ which the Company undertook t to supply alternators and auxiliary aT 
fora frequency lower than 60 cycles per sec. 25 cycles became the standard. 


this connection, may be pointed out that the power transmission 


exhibit of ‘the Westinghouse Company at ‘the World Columbian Exposition 
in Chicago, Ill., which was designed and. constructed during the autumn of 


1899 and" the following winter, operated at 30° cycles per sec. ‘This exhibit 


included a a 375 -kw., two- phase alternator, step- “up transformers, ¢ a short trans: 


‘mission circuit, -down transformers, rotary converters supplying direct- 
current motors and other direct- current apparatus, _ two- phase induction | 


motors, and are and incandescent lamps. In every essential, except frequency, 


it was the system adopted by the Cataract Construction Company. That % 


— eycles: and 1 not 30 cycles was used | at Niagara was due to the fact that the 


Cataract Construction Company had committed itself to a turbine speed of 
ift 


; 250 rev. per min. and to the fact that one of the advisers of the | Cataract Con- 
- struction Company preferred a still lower frequency. : In the writer’s judgment 


experience has demonstrated that 80 cycles | would have been preferable, espe- 
ially in view of the fact that at 25 cycles incandescent- lamp service is not 


always satisfactory. Recognition of this possible difficulty was one of the : 


reasons ‘upon which the > Enginec of the Westinghouse Company b based their 
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sident “PROGRESS REPORT OF THE COMMITTEE OF THE 
hether SANITARY ENGINEERING DIVISION 
anew alt Cuartes C. Hommon, Assoc. M. Am. Soo. C. 
Cannes C. HomMon i+ Assoc. M Am. Soc. . E. (by letter). +—That part 
the report dealing with the selection of ‘coarse- -grained aggregates com- 
a yn monly used i in sewage trickling filters i isa rather thorough h treatment based on 7 
data secured by laboratory tests.§ The writer has just completed an an extensive 
study and report based upon the actual performance of forty-eight sewage 
uP “filters in the States of Michigan, Indiana, Ohio, Pennsylvania, Alabama, Ten- a 
esse, Massachusetts, New York, New J ersey, and Georgia. . The information 
secured through this investigation brings to light Some items that are m not 
osition 
in accordance with the findings of the Committee. ol 
ahi pe The importance of durability of aggregates | used i in sewage trickling fil filters or: 
is well. recognized by all sanitary, engineers, and this item has been protected 
in the past to the fullest extent by writing many safeguards into ‘specifica- 
itis _ tions. — The studies by the writer brought to light many | sewage fi filters, = 
ever, that w were filled with improperly graded aggregate. The question that 
‘hat | naturally arises is one of durability. | ‘Was the aggregate of proper size size and 
“F ie grading at the time of initial construction or had disintegration been res respon- —- 
+ Cee : In the case of some of the older filters it is impossible to answer the ques- 


many 


of the 


d their 
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tion definitely, or to state what percentage of the material had been affected _ 


’ by « disintegration. However, the weight of evidence strongly indicates that i 
= * Discussion of the Progress Report of the Committee of the ‘Sanitary Engineering 
Division on Filtering Materials for Water and Sewage Works, continued from January, 1930, ot 
. 2 7 San. Engr., in Chg. of Sewage Treatment, Municipal Sewage Treatment Plant, Canton, - 


-t Received by the Secretary, December 14,1929. 
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sfactory sinisilittein of the aggregate is due either to 
- fact that it proper | sizes and grading were not stated i in the specifications or or gia 
_ to failure in n securing the sizes specified. _ With few exceptions, | inspection of 
the existing materials after a period of years of service indicates that og 
- graded material placed in the beds at the time of construction would have 


provided sufficient tolerance to care for the slight quantity of fines produced 


disintegration. . The chemical and ‘physical analyses of materials col- 
lected at the time of inspecting the v various filters were of little value in deter- +e 


mining | the weathering abilities of the respective materials. _ Even in the e few en 
filters where disintegration was, known to have been most active, 2 study of 108: 
ie chemical and physical data shed but little light on on the : subject. ‘The limit- | a 


unit: 


_ ing percentages placed on calcium, magnesium, and i iron oxides and sulfur i in 


a furnace slags, as set forth in the report \(eee Table 1*) are not in sneced- 
a ance with the data secured by the writer. . The sodium sulfate test carried to 


twenty eycles s appeared to be the most definite indication of the ability of ‘the 
“aggregates: to withstand the destructive effects of weatherin g. This test, of 
oa app lied to the 1e samples collected, did not register in all cases the minor effects ‘th 
oft weathering, such as flaking aa occasional splitting, which were noted i ties 


the field investigation. In some instances, | however, the sodium sulfate test id 


approximate 1 the conditions found i in the field by fracturing some of the pieces pe 
sted, although few of the samples tested could have been adjudged ‘unsound > I 


a The comparative unloading ability of rough aggregates, such as blast- “reco 


eco 
; _ furnace slag, and more or less smooth material » such as limestone, granite, e 


trap- rock, and gravel, was noted throughout this ‘After 


= 


but Tittle difference i in their unloading abilities. Since filters 
granite, trap- -rock, feldspar, limestone, and gravel a are known to have become 
ay excessively dirty and sometimes clogged to the extent of making “necessary 
+ ec the removal of the aggregate » for cleaning, one is forced to the conclusion that | 
automatic unloading is not dependable in all cases and that surface | texture 
plays but a minor part. in retaining the deposited “solids. determine the 
feasibility of controlling the deposits ‘normally collected in sewage ‘filters an q the 


attempt h has been made to force the unloading of the Canton, Ohio, filters as 


~ ‘Prior to the experiment the filters had been in service for ¢ approximately. onl 


one year, during which time some e sloughing had occurred, but not sufficient to 4 ie 
prevent some slight surface ponding» due to alge growths. The slag medium of p 


was quite dirty toa depth of about 6 in. 0 First, ‘some chlorine that was being» de 


to the x raw sewage in connection with some other investigations, caused wor 
a very decided sloughing of the organic deposits. ‘Following this ‘partial un- : 
loading, a section of the filter area was cut out of service and rested. - When 7 diti 


the dried area was placed back in service a very decided unloading of eva 


the: coming of warm weather during 1928, it 


— 
anal 
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q 4 Proceedings, Am. Soc. C. E., September, 1928, Papers but 
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the flooding also caused a very marked sloughing, the 
- solids i in the effluent amounting to as much as 800 parts per million for short 
periods of time. Throughout the summer, flooding and ‘resting were 
, tinued with the result that by mid- -summer the filtering material was practi- : 
cally as free of organic « deposits as as when originally placed i in the beds. The 
a _ analytical d data indicated that the quality of the effluent was not impaired in- 
any way, but perhaps had a more constant stability. yi Over a two- -year period 
the nitrate nitrogen has been increased from zero to about 12 parts per ‘million, — - 
while | the bio- chemical oxygen demand has been reduced about 80%, or from 


ir in| 


[== repair work a of the its: fall 
depth in a part of one bed. This showed very clearly that the sloughing had 
; been effective i in the bottom areas as s well as at the top, and, further, that none 


amount 0 organic deposits in many filters located 
over the the. cleanliness of the Canton filters leads one to conclude t that 


Bren — the quantity of deposits retained i in the respective beds is due to other « causes 
neces surface texture of the filtering material. ac 


ound 


Reference has: been made herein to the need for guarding against material 
having cementitious qualities, ‘such as some blast- furnace slags. is well 
dlast- Tecognized that limestone as well as blast-furnace slag will consolidate in the 


fe _ presence of w vater if pul verized sufficiently fine. 3 How ever, the amount of fines 
to cause solidification of a coarse aggregate is sufficiently large 
there = preclude the use of such poorly graded material in “sewage | trickling filters. a 
fact that such an improperly graded aggregate would soon become clogged 
E by organic deposits (which, in practice, , would be similar in effect to solidifi- — 


cation), renders the item of ‘cementation of but little importance. 
that ‘ : seven of the forty- eight sewage works inspected by the writer used -erushed 
‘blast-furnace slag as a filtering medium and evidence of cementation was 

mie Only two instances were found and one of these i inv oly red a very _— area 
actin 4 of the bed. In the second case, a previous investigation estimated that approx- _ 
imately 2 20% of the | aggregate in tl the filter had been affected by 

paren y Tn both cases the cementing action had been caused by excessive fines depos- 


ant 
dium 


ited in localized areas through improper handling of the aggreg ‘ate at the time 
ee: of placement. , An excellent opportunity for observing the cementing qualities" 

being of such material was afforded at the time of reconstructing the Canton sewage z. 

aused works in 1926, when the old contact beds were dismantled. . All the aggregate 


ut was removed from the contact beds and careful note was ‘made of the con- 


| 


vec dition, of the slag, but the engineer in charge of the work reported that ‘there % 
Perhaps | one of the most enlightening features of the writer’ investigation 
mas the relatively wide range in the size and grading of age regates. The lack 


~ uniformity was not only apparent when aeeapeting one plant with another, 
but often within the same filter. a 1 condition indicates a lack 
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crystallized 0 opinion among sanitary eng engineers regarding proper sizes 

=! asf One of the most essential features upon which the sewage trickling filter 
is founded is that it must afford a ready passage for sewage and air at all 

times. 7 Not only maximum percentage of voids but large-sized voids are very 
"necessary; therefore, proper sizing and grading are exceedingly important. 
The shape of the aggregate after being crushed is also important, angular 
fe and cubical- -shaped material being preferred. shapes prevent nest- 
S and through their relatively large-sized voids they afford an easy and quick 
passage for the removal of the larger particles of organic ¢ deposits fro waned 
=. The surface texture (degree of roughness) isan item that has been debated 
by the Sanitary Engineering Profession - for several years. The additional 
2 surface area afforded by the roughness is quite generally admitted to be an 


advantage, but s ‘some ne engineers ¢ are inclined to believe that the 


periods 


= 


as climatic conditions, method of “operation, of ‘sewage, 
necessarily meade it difficult to compare one filter with: another in definite 


id 3 functioning, forces o one to conclude that surface texture played but little o or no 
part in the removal of « organic e deposits from the beds during the unloading 
; ‘periods. The slight difficulty experienced in | keeping the slag filters at Canton 
iii. free from | organic deposits, and the v very satisfactory degree of treat- 
ment afforded the sewage, raises the question as to ‘Possible superiority of a 
rough material over a smooth or semi-smooth aggregate. Because of dissimilar 


question cannot be answered by comparing the aggregates 
_ different plants. It can only be determined through the 1 use of test units on 
which | the different materials may to the same sewage under 
Pe one of the 1 successfully operating 
sewage trickling filter, especially during the summer months, is the presence 
of so- -called 1 filter flies (Psychoda alternata) which develop in great numbers 


During this investigation ‘an effort was made to 


development of the fly, but the type aggregate did appear play 

ae any part. The development of the fly in sewage filters may be called a normal 

~ occurrence, and flies were found i in greater or less numbers in practically | yall 

2 er filters visited. { Data secured in operating the Canton plant indicate that the 


quantity of f organic deposits re retained i in the me medium i is perhaps the cusacling. 


_ During the summer months the development ¢ of flies in in the Canton filters was u 


most active the writer has ever observed. Throughout the breeding season it 
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has necessary to flood every ten days, and ‘this has been very effective 


controlling | the adult fly. Since flooding i is not only effective in drowning the _ 


ae specimens, but also ar rests or stops the development of the larve, it is" 


only fair to assume that a a filter sufficiently dirty to ‘cause surface 


it a medium which is free from and, there- 
fore, does not retain any appreciable quantity of free water will breed the 
greatest number of flies; likew a dirty filter will develop - the least number. - 
‘The a almost complete absence of the filter fly at some of the more seriously — 
clogged filters observed during this investigation ‘adds to the belief that the 
development of the fly dependent upon the amount of, organic deposits: 
retained in the filter rather than the type of the filtering n vaterial. rea 
< 7 The Committee | is to be complimented upon the mass of data which it _ 


the ‘report. However, the writer's investigation | by 
would seem a number of properties: of filtering” media to which -consid- 


‘importance. 

ical composition, and abrasion. “Limitations ¢ on 1 these ‘properties 
tend toward a hypothetical product. which in many localities m may prove costly. a 
It would seem that four qualities ‘supersede all other considerations i in impor- ce 
tance: Proper sizing at and gradation; (2) shape of ‘particles and size of 
voids ; (3) durability : for which the best present determination is the sodium 
test carried t to 20 cycles using t least fifty ; and local costs 


ind 


Papers. 
and 
filter 
at all | 
tant. 
ngular 
quick 
m the a 
ebated 
tional mi a 
is may 
item 
, such 3 
ewage, 
efinite 
some 
or no 
oading 


. 


d 


“This Society is not responsible for any statement made or secimmaeal expressed — 
a 


Y OF WILSON DAM i 


Ese. (by letter). — or not one agrees with the con- 


an instructive pleasure to read a carefully carried — 


out investigation, and the equally careful analysis, such as Mr. Puls has made. 
Ine carrying out his velocity measurements on such deep streams he has = 


“placed all: hydraulic engineers in his debt, and British engineers who have 
opportunities: of dealing with large volumes of water find such researches 


This discussion is not intended to present criticism, but an alternative 
Sheet} 


means of attacks which may be of interest. ‘The’ method has been crudely 
suggested i in some notes by the writer, entitled, “The Standing Wave.”§ ae 


Briefly, it ¢ consists of a denial of the usual theory, that, in the ‘discharge 


: through a large orifice, the lnnpredinl of any | eo ata a distance, | z, below the 
free surface (see Fig. is proportional Throughout the full depth at 


the vena ¢ contracta the velocity is sensibly and to — 


4 hy = depth from free surface to bottom of orifiee. pure 


-* Discussion of the paper by Louis G. Puls, Assoc. M. Am. Soc. C. E 


Chartered Civ. Engr., Kilmarnock, Ayrshire, Scotland. 


4 Engineering, August 10, 17, and 24, 1928; see, ‘also, “Notes on Sluice-gate Discharge,” 


An. Soc. C. E., October, 1929, Papers: and Discussions, 2135. 
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because of the distortion mead by the blunt piers, , 0.62 is used. 


ing Equation (18) for various openings, J D, under a H = 18 tt., 
on a 38-ft. gate- opening, , the results are as listed in Table 4,00 _ 


TABLE 4.— 4.—Comparison or DiscHarce Computep From Two 


2214 
640 
325 
990 
565 
080 
7510 
260 
960 


bl 


it will be noted that these only differ appreciably from the values o obtained ’ 


by Mr. Puls’ complex equation as given in Table ag # in the highest values of 
D; ‘but here the reduction in c, due to the piers ‘and grooves, is least, and the — 


——* contracta is less definite, and the values of Q are thus greater than those — 


2 ‘The: value of Q for D = 1 ft., given in Table 1 as 1 039 cu. ft. per sec., ae 


not agree with Fig. ' 1, + which i is about 800, and it would : appear that the sign 


Ly as a a check, so that e engineers ‘may possibly, a as .s the information accumu- 
lates, be able to form some method of correlating 1 values of c with the al | 
design of sluiceways, 
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‘THE BEHAVIOR OF A REINF FORCED CONCRETE. ARCH 
ORING CONBTRUCTION 


Bri Me SSRs. ‘Hersert J. anp A. H. 
_Herpert J. Guxey,t M. at. Soc. C. E. (by +—In this 


itis ah 
The top curve of Bi fig. shows a -eonerete unit. it compressive stress ¢ of 


The aj age , of this ouneaniin at that point on the curve € appears | to be ten days, or 

less. “Notwithstanding the rather strong ‘mixture ‘used (as indicated in 
Table A) a stress of 2000 Ib. ‘per sq. in. approached the ultimate strength a ‘a 
this rather closely. Unless a secant ‘modulus for a correspondingly 

sed in the reduction of strains to unit stresses, it is ; probable - that 

4 stress considerably less than the 2 000 Ib. per sq. in. shown corresponds to the 
high measured | strain. . Similar comment may be applicable to some of ‘the 
“ther high concrete stresses if the limit of the 

In Table. 45 the great 1 range of values for coefficient of for the 


data should not he considered as measures of 

sions at all. As the author states, and as is clearly shown in the “Weather” 

column of Table 4, it is probable that. volumetric changes due to moisture 

(wetting ‘and drying) had more effect than temperature. . This is on the as-_ 


discussion (of the paper by B. Slack, M. Am. C. E., published in 
November, 1929, Proceedings, but not presented at any meeting of the Society), is printed in 
Proceedings in order that the views expressed may be brought before all members for further a 


Am. Cc. E., November, 1929, Papers and p. 
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and Fig. in 


e The temperature: appears for at Teast SIX 


(ower curv 


5 to 1.5 days). While the apparent under 

is not great, the question is and the reader should know the co: 

Concrete is described as a nominal 1:2:4 mix, the quantity of wate r being Availa 
Car efully gauged to give a concrete with a slump of from 33 to 43 in. Measure- B They 


- ments were by loose volume, but the e bulking ¢ of the fine | ageregate w was deter- yield” 
- mined twice daily and a correction was made in the mix for the bulking. . 3 | ie In 
ae OU ‘Evidently, the correction applied solely to the volume of the fine aggregate with t 


sinee the c only a apparent effort to regulate the quantity of water used was based Seattl 


on slump ‘determinations. It is unfortunate if this is true. As is now well 

known, small variations in | the water content have a much greater influence 


showet 
trol 


on the properties of concrete than small variations in either the quantity og the st 
j 
‘rading of the aggregate. a Much more uniform concrete would have resulted load - 


ch d the water- cement- ratio been kept constant and the quantity of aggregate each | 


varied to maintain constant ‘slump. 
as The arch rib 1 itself i isa large member and its action is the resultant of an 


They 


2 assemblage of parts which | are less | uniform than they might have been. The 
few auxiliary samples used represent only a very limited part | of the concrete 
in the structure and there is a question whether the strengths and moduli of 


_ elasticity found ‘approximate the mean values for those of the structure as 


cates 
Toad v 


a whole. It is well: known that ordinary stock-pile variations in grading will which 

7 introduce important variations in the water requirement tor a constant it slump. eee 

Vag At its worst, however, the indications can probably be accepted as as quali- the te 

tatively ‘correct if not quantitatively refined. Moreover, they are probably as re- -adj 

well controlled as the test results from other similar. projects. Well controlled likely 

b =~ experimental work is still difficult to attain in connection with the building tempe 

M. Am. Soc. C. E. (by letter). §—The tests upon “which ‘ature 


aso 


i. Biss paper is based add much to the knowledge o of the behavior of concrete 
“6 


etenctares. The author i is | , to be congratulated upon the | care with which they 
been made, recorded, and “presented. modestly ‘states| that they 
ea 


not conclusive, but that they indicate » phenomena well worthy of further study. 
The first step in the study is naturally a critical review of this paper and 


others: that deal | with the same subject. The writer will confine his discussion 
to Conclusions § and and, in doing 80, , will accept, as within recognized 
limits: of precision, all of fact throughout the pape paper. His expe- 
_ rience leads him to make interpretations of the facts upon ‘which Conclusions 2 2 


4 are based, which differ from those made by the author. 


_* Proceedings, Am. Soc. C. . E., November, 1929, Papers and Discussions, p. 2297. > 
oat ‘od t Prof. of Civ. Eng. and Head of Department, Iowa State Coll., Ames, mare : 
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In Conclusion 2 the author states that, in the design of concrete the 
allowance for temperature stresses should be based entirely upon a fall i in tem- | 
to fall perature. The underlying facts are that 1 the set in 1 the concrete takes place 
pancy under high initial ‘temperature an and that considerable : strength is developed in in 
ich of the concrete before the temperature drops to normal. _ The 2 conclusion wi would | 


~ ial be justified if the materials were truly e elastic: but concrete is not truly clastic 4 


being ff ‘Available data demonstrate ‘that concrete is “plastic toa considerable extent. 
‘They also indicate the extent of plasticity or of ‘conerete” or “time- 


Tn 1915 the writer, with C. More, M. Am. Soe. C. E. was confronted 
regate with the task of interpreting ‘the stresses the Bell Street Warehouse, in 


based § Seattle, Wash., where deformations in- several parts of the building—which — 


well showed no indications of distrese—far exceeded the deformations in the con- 


trol cylinders at impending» failure. next step in the interpretation of 


— the stresses. was to observe three other control specimens under —— 
load in which the successive unit stresses developed and the elapsed time 
wiles each load corresponded fairly well with conditions i in the building. The results 


gave a . fairly satisfactory basis for interpreting - ¢ the stresses in ew bu ilding. 
‘They also indicated “time yield, ” for the particular 


er re senile on the plastic flow of concrete} i 
cates continuous in conerete under unchanging but continuous 


Toad w hich, for the same time ve for : similar stresses, s, exceed the deformations 


the temperature in the arch, t the slow 
re- adjustments in stress rather than constantly "increasing stresses. seems 
F likely that these re-a adjustments: finally ‘resulted in the practical elimination of 
temperature stresses under normal temperature. — It also seems likely that at 


least partly complete re- -adjustments will take place. These will reduce greatly 
the temperature stresses from seasonal ¢ changes, leaving the definite temper- 


ature stresses confined to ne resulting — n temperature changes within a 


reasonably s short time. 
. they 
y are the ‘conerete w consistently higher ‘than the ‘computed 
study. 1 Figs. 6, 7, and These curves indicate stresses 
and than deformations are, upon the interpretation 
of facts rather than upon the facts themselves. The author : states|| that ‘rn 


“Until more information is available on stresses in nk caused by the set- 


ee phenomena of concrete, a fair comparison of computed s stresses es with mea: 
ured ] b d 
initial Stresses cannot e ma 


ission 


ae Proceedings, Am. Concrete Inst., Vol. 12 (1916), ~~. 302-310 ; _ Proceedings, Pacific 
_ Northwest Soc. of Engrs., Vol. 15 (1916), pp. 7-57. aaa a “ 


“Researches in Concrete,’ W. K. Hatt, M. Am. Soc. Cc. Bulletin 24, Eng. ime 
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FULLER ON BEHAVIOR OF CONCRETE ARCHES 

wi The writer not only agrees with the statement, but would extend it. to 
include measured stresses in concrete. ie He believes that. existing data have 

4 decided value in interpreting the deformation of concrete and in pointing the 
way for further research for which the author justly” asks. 
| To refer a again to the I Bell Street Warehouse, it it was apparent, in dedue- 
- ing the stresses in ‘conerete, , that the modulus of elasticity, as a measure et 
the relation of stress to deformation while the load was being applied, was of — 
doubtful value i in interpreting the stresses that were represented by the observed | 

deformations in the building. However, the modulus of elasticity, as a measure 

— of the the relation of stress to deformation as. determined from time tests (in which | 

: Sy the re rate of application of the load was about the same as in the building), 
did furnish means. for making fairly satisfactory estimate of the existing 
it will be noted from Figs. 6, 7, and 8, that, while the observed stresses. in 

‘the steel usually exceeded the computed ones" as was stated, the two 
approaching each other at the end of the e period of observation. Inasmuch as 

the translation of deformations into stresses in steel cannot be ‘questioned, and 
as the paper has demonstrated that the ini initial stresses in steel | were in- 
- ereased by the | setting ng of the concrete, the writer believes that, | as the concrete locatio 
ee: was adjusting itself during t the four months » under observation, the ‘stresses in in assign 
both the concrete and steel were approaching normal values. siderat 
‘The Engineering is deeply indebted to Mr. Slack for demon- Th 
_ strating the points » which he he has given under Conelusions 1, 3, 5, and 6.* If ‘that 3 is 


his request for further study should result in an extensive research which modit; 


_ would permit definite interpretations of the matter in Conclusions 2 and 4, the — comm«e 
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Gerorce D. Burr,t Assoc. M. A. Soc. CE The subject o 


location of airports is a timely one. " It is perhaps ‘too early to attempt to 


assign definite values or weights to the factors that must | be taken into con-- 

| in the intelligent selection of an airport site. 

‘There is only one thing that commercial air transportation | has ‘to sell _ e 


es | is speed, or time saving. The one factor on which the sale of this com- 
modity hinges is safety and certainty of arrival on time. Therefore, a 


“commercial « or municipal terminal airport must be located as close to the 


‘metropolitan center of the e city as safety will permit. 


rule is quite simply stated and quite ‘difficult to ‘spply. 
‘with existing commercial types of heavier- than-air craft, no site w ill be 
‘satisfactory regardless of other conditions: (1) It ‘meteorological ‘conditions 
are unsafe; (2) if the site is ; too small for safe landings or take-offs; (3) if 


re dangerous Seine pr ‘actices ar are permitted « over, on, or near the field ; or (4) dl 


‘the field is a long-time distance from the ultimate termination of the - journey a ; 


The cost. of purchasing land, to the ne site, developing is 


facilities, improving difficult drainage, ‘surfacing runways, 


leveling 1: land, and similar factors, oe grouped under one single head, 


a ‘If the nearest safe site that may b be ‘developed economically is is a shally 


great d distance from the ultimate destination of passengers traveling to ‘the 
city served it might be used, but always with the thought in mind that, 
although it is” an aid to air navigation, another site, closer to the final 


destination, w will some day be demanded when air transportation has developed 
‘sufficiently to make st such more expensive sites economically feasible. 


ever, if a site is close in, but is decidedly ‘unsafe, because of meteorological ee 
conditions or small area, that site will be abandoned in the ae 


-_ * Discussion of the paper by Donald M. bi ae M. Am. Soc. C. E., continued fr 


‘Traffic Engr., San Franciaco, Calif. 
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™ 
ye These considerations would leave only three items to be considered in : he 


lence of air, and safe area 


(e Select the site that is cheapest to 
develop if two or more sites 
present the same relative 
from the point 
view of Factors (a) and (6). 


& It must be borne in 1 mind, however, that these remarks appertain to the 


selection of a a terminal commercial or municipal ‘airport for heavier- than-air 


craft only. There are many classes of airplane landing fields to thich 


: these principles will not apply. For instance, there are: (1) Emergency and 


intermediate “fields placed along an airway; (2) fields developed for ‘the sole 


_ Purpose of providing a a training place for students; (3) fields located primarily 


as a junction and transfer point for air mail lines with little local delivery; ae 
® fields used principally for some specific commercial purpose, such, as for tered, : 
tests by om or as a terminal point for an air mapping If the 


“joy hop” ” recreation and (5) fields de high d 

voted almost exclusively to ‘storage of privately owned craft used for Us 

“private business or pleasure. The tendency to specialize i in the relativ. 

which a field i is to be put. thie 

question of just what amount of money may be Justifiably 


or ¢ or ‘roel 

a ‘on a given ‘site by a a given community or commercial enterprise is a matter for 
eturn on the capital 


— de finite analysis. : Eventually, the airport 1 must pay ar 


i There are several sources of revenue from a publicly owned airport enter- 5 
. 
‘prise. . These ; are e rental of hangar ‘space ; rental of concessions, such as restan-— 
rants, gas” stations, ete.; rental of office space; cha 


1arges for u use of special 
and charges landings. ‘At present, charges landings 


seldom imposed, in order het | flying may be emonatiaed. _ Hangar rentals and 
office the principal, immediately available, s of revenue. 


a 


dissip: 


4 

Tf such a of cents ak ft an 

adequate return: is made to” amortize the investment in the structure within 


a ‘reasonable time, and to pay interest, repair, ‘and depreciation charges. 
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le for any statement made or opinion expressed 


Discussion* 

By Fasp A. Noerzt Epv 


Pics 


tered, s some of which are “of vital i “amathe catia ieee the safety of such structur 
If the law of similarity would hold in every respect, then, w ithin proper limits, 
high dams built on an adequate foundation should be as safe as low ones. po? = 
__ Unfortunately, certain . conditions have the tendency of making high dams 
relatively less safe than Jow er structures of the same type. _ Attention i is called, 
in this e connection, , first, to the » danger of buckling the face slabs of high ear th 
or rock-fi -fill ill dams- due toa relatively larger settlement of the ‘fill of the higher 
rr fOr dams ; second, to the complicated : stress conditions ; and ‘the tendency of tension | 
apital cracks developing in the thick arches of high arch dams; ‘and, third, to the . 
tendency of cracks developing i in the buttresses of high dams « of the buttressed Mat 
type, such as -multiple- -arch, Ambursen’ dams, ete. recently ‘it was ob- 
served th that shrinkage cracks have also occurred in in the i interior of high | | con- 
crete gravity dams. m; hile such interior cracks may not be serious in case of 
telatively low gravity dams i in which the shear stresses are small, the stability © 
of high gravity | dams 1 may be seriously endangered if the cracks should extend — 


concrete dams of the type, 


“tion, is setting v up tension stresses which may the ‘tensile 


the concrete and produce cracks. i In order to avoid such cracks, vertical con- 


mation. joints, usually about 50 ft. apart, are being provided in practically all 


* Discussion of of “the Symposium High Dams continued “1930, 


Proceedings. 
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concrete gravity Not until after the failure of the St, Francis Da Dam was | 
which 
column 
may be 
o that 
areas ‘and were to ‘internal water pressure. gravity thee 

- dam, say, 250 ft. high, ‘may be about | 170 ft. thick at the base. _ There is no 

‘reason why the concrete should not shrink in an up- up-stream and down-stream 
each at 
direction the same as in the direction of the axis of the dam. Thus, | in the 
-170-ft. thickness: of the dam, the shrinkage ‘of the concrete will probably p 
cracks unless contraction joints: are provided at at suitable i inter ervals, There 
is no other alternative unless new ‘materials or construction methods are devel- aideti 


‘> oped which will furnish concrete that does not shrink. As Mr. Henny pointed In t 
Vgie = ‘alee “such cracks are likely to be approximately vertical and are thus often Tem bs 


4 close to the direction of maximum shear: Calif. 


— 1 if the 
 structic 
Bi cone 
deducti 
especial! 
f Sim 
and Carried Away 12 Diameter 
itud al 2 & Slope along nultipl 
El, 1350) tO have 
laws of 
enginee 
the theory of the principal inclined stresses 
i 
adequate means for avoiding irregular internal shrinkage cracks by providing — 
em 
 faatined contraction joints parallel | to ‘the direction of of the principal stresses 
ze maximum load. In these planes the shear is zero. ro. Consequently, there is toot 
ic; 
no tendency for a relative movement to take place in the parts of the damon @ 
opposite sides of such joints. Contraction or expansion of the conerete may 


' ta 8 shows the location of the three longitudinal joints - in the “cross: 


take place by opening or closing of the joints and with little or no x effect on the . 


Onstru 


section of the San Gabriel Dam. ~The joints are offset i in | the sections on om 


| 
| 
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site sides of the vertical radial contraction joints. 

prevent e3 excessive movements of any portion relative to the adjoining portions — 

so that the whole structure will act as a system of inclined columns, each of 

which is thoroughly interlocked with \ the adjoining columns. The inclined 

| columns have a horizontal cross-section of approximately 50 by 60 ft. i; - They 
may be built up individually for several lifts ahead « of the adjoining c columns 
80 that at least a ‘part of the shrinkage can take place before others are e poured , 

§ to the same elevation. Also, the individual pours may be interlocked with each 

ofl er. " In this case the inclined joints would have offsets of perhaps 6 to 12 in. 

each at intervals of, s say, three or four lifts each. — i these offsets are tionsied 

smoothly and painted with oil to prevent b bond, a slight lateral movement cor- 


ou 
responding ‘to the s shrinkage of ‘the concrete could take 1 place and thus the 


structure or of the effectiveness of the inclined joints. 
re In this connection attention is called to the San Mateo (concrete gravity) 
Dam built in 1887 and 1888 for the water supply system of San 1 Francisco, 
Calif. This dam was constructed of blocks of concrete, 10 to 12 cu. vu. yd. each, 
cast in place and thoroughly interlocked with each other. If the theory | of the 
principal inclined stresses in gravity dams had been known : at that time, and 
if the designer had arranged the up-stream and down-stream slopes of | 
individual blocks in continuous lines parallel to the direction of the principal 
stresses, this s dam would be representative « of the most advanced type of con; 
struction. Apparently, the designers and builders_ of the ‘San Mateo Dam 
mticipated sheer or r intuition a | requirement in the construction 


— 


deductions. “Te ean no longer be w possible 


Similar conditions as to to sheinkage. cracks in the buttresses high 
er rain 


ope along nultple- arch and Ambursen dams. . Cracks have been observed in but- 


Joint 


ie © have developed under load conditions, and their direction was guided by the ns 
laws of Nature to be approximately parallel to the principal stresses. Two 
iloserine commissions recently ‘investigated the Lake Hodges Dam i in Cali- 
fornia. Both reported that the various inclined cracks, of which there is at Po 
least one in practically every buttress of the dam, did not render the dam — 
unsafe, 4 This conclusion seems to be substantiated by the fact that the Lake 
Hodges Sie built in 1917, has since been filled several times. The buttresses 
contain practically no steel reinforcement ; nor is any reinforcement apparently — 
contemplated despite » the presence of the -eracks, some of which are nearly e° 
gui in. wide and extend from the base of the buttresses forwardly in inclined to ae 
The cracks in the Lake Hodges’ and other | dams are are evidently a 
uuficient t proof of the feasibility, ‘not to say, necessity, of providing large con- Sr iz 
‘crete dams, both of the baiteieell'é and of the g gravity type, with inclined con- 7 ee 
tection joints. bitadl The agreement of these “full- -size tests” with the theory of the t oe 
irincipal stresses is quite satisfactory and i is further ‘subject to verification by Se 
sstructing i in the ordinary we way the force and string g polygons for water load 
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NOETZLI ON HIGH DAMS [Rapers, 


_ and weight of: the individual parts of the dams separated by the joints. ys This 
wan done i in the designs c of the Coolidge (multiple- -dome) Dam, completed in 
1929, for the U.S. . Department o: of the Interior, Indian Service, on . the Gila 
‘River, in Arizona, and for the San Gabriel Dem. 


Mr. Wiley’ 8 statement* that, i in his opinion, “the higher dams o of the future 
- be of a solid m masonry gravity type,” is somewhat ihe Ds As | a a matter 


ft high, are at the single arch There i is under construction in F ‘ranee 
an . arch dam which, 1 when completed, will be 440 ft. high. | % This dam is located 

in the extremely narrow canyon of the Drac ‘River i in the » French Alps and i is 

only 55 ft. thick at the base. ht 

r sub The ‘Owyhee Dam, 405 ft. high, mentionedt b y Mr. Wiley as being « of the 
arched gravity type, was designed and is being built as an arch dam. _ Further 

Re. “more, studies are being made to determine whether the proposed Boulder 
? - Canyon Dam, 680 ft. high, ean not be designed to act as an arch, at least in the 
4 upper portions, thereby decreasing the enormous quantity of concrete ‘required 

for a pure ‘gravity dam while at. the same time increasing its safety factor 
against overturning and sliding. 4 Thus, it is seen that the highest dams | 80 

far built o or under construction are not of the gravity but are of the single 

= Dams of the buttressed type, after cautious ‘beginnings some e time about 
. 1910, have already been built to a height of 250 ft. There is no reason nm why 
- 4 ie of this type should not be built with perfect safety to still greater 
heights. Undoubtedly, this will be done sooner or later. 
; aoe gravity dam has a true factor of safety of less than two. ‘This is lesa 
than for any other type of engineering structure. Furthermore, ‘such a a dam 

is subject to uplift pressure and to intern: ension stresses of unknown, but 

_ certainly large size, sometimes resulting 4 in senliie such as have pres observed 

in the interior of a number of dams of this type. W hile these cracks. appear 

, to be of small consequence in case of ‘relatively Tow dams, because the shear 
pe as stresses : are small, they are of increasing impor ‘tance for high dams especially 
rik if, as” Mr. Henny pointed out,t the cracks should occur in planes of high 


‘ie It is generally believed that the design of a gravity dam is a /a simple matter 


and permits of an easy determination of the stresses. ~ Recent investigations 
have shown, however, that a scientific design of a high gravity dam i is a fairly 
difficult problem; at the same time it involves relatively large ‘uncertainties, 

_ especially as regards the applicability of the law of the trapezoid for the stresses 

in thick dams, uplift pressure, internal t temperature, ‘and shrinkage stresses, 

. While some of the same difficulties ade encountered i in the design of high 

: at _ buttressed dams, the: tension stresses in the buttresses may be taken care of 
z a steel reinforcement; a similar procedure is not economically feasible in the 
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GODFREY ON HIGH DAMS 


ee his r? —" rom these considerations and in n view of the ‘recent construction of numer- 
ted bi ‘ous high dams of “less than gravity” section, does it not appear that there 
oa: “are | strong tendencies toward building future dams of o other when ‘the concrete 

matter | Ep DWARD Govrney,* Am. § Soc. C. E. (by letter). t—The 

the | dams, in the writer’s needs” to be thoroughly and 


‘ornia, The design of dams will never be on a sound footing until the strenuous objec- _ 
France tions to ‘standard methods of a small » very small, but ¢ growing minority of | 


and is ay The writer is one of those who hold that standard design is woefully inade- _ 
ee quate and has been responsible for or practically all the large number of failures _ 
of the of f masonry dams. ri T he on one » great ; and serious fault can be simply stated : Iti is 


urther- ‘neglect. of under- pressure. That: it is in truth standard to ignore -under- 

oulder pressure in the design of dams can be proved i in many ways. In the first place 

in the very few books on the design of. dams mention or give ‘any prominence to 


quired _under- pressure. Many of those that do mention it, treat it as though it were 
factor merely a refinement—something for th the designer’s judgment. Some writers 


single _ That it is standard to neglect under- -pressure in aan dams is ao 

eh: shown by the 1e statement of Mr. Wile yt that in many, if not most, ‘aie 

about gravity dams, no allowance has been made for uplift. 


on why There has scarcely ¢ ever been a failure of a ‘masonry or concrete 


; is less joint and lifted the dam, allowing it to float awa away or to be o overturned; —_ 
a dam there has never been a dam lifted and pushed | down ‘stream | where the mass 
wn, but MH and base’ ise width were sufficient to to hold it in place « against assumed v up- up-stream and 
served under-pressure. Unless the truth of these statements can be denied, they 
} appear | ‘stand as an unanswerable argument for unconditional provision for under- . 
1e shear pressure and against standard methods that ignore under- pressure under any 
pecially condition whatever. It is no answer to state a contrary opinion. The only =~ 
of high ‘refutation of these statements of any value is the citing of one or more re dams 

es) the failure of which can not be explained by under-pressure, or of one which — 
2 matter floated off, as did the St. Francis Dam, , although the base width was —- of 
jigations the height instead of 65% as was that dam. Naw thy 
a fairly In reading Mr. Wiley’s  paper§ one would be led to believe that 

tainties, MJ pressure is of little c consequence , and internal pressure, e even in porous scon- 
stresses J crete, is non-existent. From Mr. Henny’s paper|| one would be led to believe 
stresses, that under- “pressure is easily averted or avoided. ast 


“The | absence of stress’ due to uplift in the body of the 


le in the 
le in the ti the consideration that the water can act only in the voids. The pressure 
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pressures in a it appear that a tensile stress in the concrete 
- would result; but considering that the upward and downward forces in each 
- woid are opposed and cancelled by equal downward and upward forces in the 
voids immediately above and below, it is readily seen that the summation of 
the vertical forces in the voids is zero, and that ; No vertical stress in the con- 
_ erete can result from water pressure in the» voids. This has also been shown by 
the application of enormous pressures to a a liquid without effect upon the con- 
or other porous substance immersed in it.’ 


be This i is a new line of reasoning which, if valid, calls for a recasting of the 
theory « of p1 pressures. . It would ; ‘mean that a liquid ‘could be carried slowly _ impos 


through : a ‘spongy mass under high pressure without exerting tension on the 
hi - ~Pipe. | It i is easy to see that a spongy mass embedded i in a fluid under pressure 


Pao is is not subject to tension in its own fibers’ by reason of the pressure ; but, at the 


same time, ‘if there is enormous pressure there is enormous tension somew here 
that exactly balances it. _ ‘The tension is not in the sponge but in the vessel 
containing and ‘restraining 1g the fluid. _ Suppose that the sponge itself is the 
vessel ; suppose the outer | skin of a Sponge were elastic and impervious and» 
that the sponge were filled with water under pressure. Every fiber of that -drillin 


r sponge would be subject to tension. requires ‘no test to prove this. there are th 


thin « 


_ were re a spongy layer i in the the concrete 2 of a a dam, and water entered 1 that a and was the da 
prevented from escaping on ‘the down-stream face (and the caretaker would ie 


see to it that the joint would be sealed up), there would certainly be tension the in 
in the concrete, a tension exactly ‘equal to the pressure. This i is directly con- § fully g 


i trary to Mr. heey statement of the « case, but it is the law of fluid pressure i Eh 
Spa urthermore, this is just what happened in a remarkable case of the flota- of the 
tion of a pier* which split at a construction joint in the concrete. — The upper the > ou 


“part, weighing about 1000 tons, was lifted by 1 ‘pressure of water ‘that entered ‘in cok 
this joint in the ‘seemingly solid concrete . The | great weight of the j pier and We 


_ the friction against the coffer-dam, as well as what tensile strength the con- con- exert | 
-— exete: possessed, were not sufficient to overcome the water pressure in n the pores the on 


of this concrete, which , by Mr. ‘Wiley’ s statement dna the case, should be bal- Under. 


The several means used to inhibit u nder-pressure in dams are: Cut-off sheet-y 


Consider, first, cut- off walls. If w: water under-pressure has an outlet, the and su 
pressure will be reduced. If it has no outlet, the pressure will tend to reach unsuit, 


thet of the head, or the vertical distance to ‘the free water surface. The dis- * Th 
tance through ° which the water and the pressure travel has influence only a large 1 
affecting the time necessary to accumulate the full head. a The value of cut- off St. Fr: 

a is, therefore, , simply to ) delay ‘the. accumulation of pressure. . They do not a gigal 


nt it, unless the water has a more or less free outlet. 

i ate _ The fact i is that several dams have failed that had one or more cut-off w alls, J influen 
but were too light for stability. Another fact is that pressures have idea pe 
Ry “measured and found to be very considerable down-stream from cut-off walls.t born of 
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the foundation | exerting pressure, even the standard reason for dati sates, 


according to all reports, would have no basis i in fact. yearlong atl ae 
Grouting fissures in a foundation is considered to be the a 


inhibitive against under-; “Pressure. basic idea behind this is that water 
can. enter only where there 1 is an actual fissure—an op opening. e = verack would 


grout. up crack. In fact, fissures that it would be ‘practically 
impossible to fill with grout, even v under pressure. — Experience in grouting 
thin cracks has proved that the water of the grout will penetrate te the crack 
and leave the cement. It stands to reason that solid cement or colloidal cement — 


will not penetrate thin crevices where water may freely it isa a well- 
known : fact of hydraulics + that water will exert its full pressure in the finest » a 


it is not always possible to find all the rock ‘Seams. Some 

r these may be in a horizontal direction just beneath the base of a dam, and 
‘drilling \ would not disclose their presence. The cracks most difficult to grout 


are the horizontal ones, and these are ‘the menace tod > the stability of 


inhibiting of under-pressure because all seams are to be 
fully grouted and i impervious, is seen to be precarious. — » Bes 


ihe The third method of avoiding under- -pressure is drainage. 


of the ‘system. Iti is s likely to pgs up » and be made vuseless. In ‘cold climates 
the o utlet is liable to freeze. ™ The failure of more than one dam that occurred | 
ia Water, working ‘toward the drainage p pipes under a ap a ‘must of necessity 
exert pressure. This pressure will act against the base of the dam; hence, 7 
» pores the only relief ief will be i in the immediate neighborhood of the ‘drainage iad ~ 
vale Under- drainage i is then, also, s seen to be of | precarious ; and unknown value. ‘- 
Still another method to prevent under-pressure is the driving of 
sheet- -piling. ‘This, too, has been, found to be ineffectual in stopping | pressure." i 
This method could be near only where the soil admits of driving sheet- piles, 
and such soil, not being solid and strong wo, ES be classed d by some as 
“unsuitable for the foundation of a 3 ft 
The evidence that under-pressure exists in Inany dams: and may have a 


value in any dam is overwhelming. The Possible pressure under the 


a agigantic: force to provide for, and a still more gigantic force to ignore. 
ae It is pertinent to look into the arguments, the tests, and ‘the ideas that — i 
influence some engineers to ignore under-pressure in the e design | of dams. 7 The 


‘idea persists that, unless there is tail- water, there can be no flotation. - This is 
born of the notion that, unless an object is immersed, it cannot float. Designers ; 


_ * Transactions, Am. Soc. C. E., Vol. 93 (1929 ), pp. 1537 and 1556.00 
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It is universally nee that, where there i is ; tail- -water, ‘there j is s flotation, _ showr 


or buoyancy equivalent to the loss « of weight for the depth of that tail-water. 7 (augr 
It certainly is not pressure of water on the sides of the dam that is responsible : time | 
; for this buoyancy ; it is, of necessity, pressure of the water beneath, and that upwai 
water must work its way under the dam. There is greater facility | for water > Ih 
and pressure to enter from the up-stream side than from the down-stream side - the w 


for adhering to the standard m ethod of designing dams ‘Ai 


have 


ave | 
sidere 


before it failed, A of dams that have failed 


in that class for as much as 40 and 50 years.* Some of these dams failed ibe: 


under a head of water lower than they had resisted in previous years. experi 


a fact lost sight of is that it requires some time for water to penetrate elapse 
tests 


and still more time for the “pressure to build up. A high-water “period 1 may 
uncer: 
small 


not last long enough for a destructive pressure to accumulate, and the false 
- notion is fostered that the dam is stable . ie other structures loads have an 38 


‘immediate effect, and a test load is conclusive. ni 43 


Bait, F urthermore, time h has a controlling influence because the accumulatin § + 
of silt may serve to. clog the outlet where water escapes below a dam and thus Up, ca 


allow the building up of f pressure. T The stopping of leaks below a dam, either _tunne! 
by Nature or by the caretaker, is equivalent to driving a_ gigantic wedge vious; 


_ ‘The statement is sometimes made that water beneath and in a dam is. 
present because of capillarity and that the dam is, therefore, not subject to 
pressure. it is well known that water leaks out below dams. If that is an 


exhibition | of capillarity, there is a chance for some one to invent - perpetual ae 
; om motion. — Just suck up a lot of water toa high level by a system of sponges, low "4 
and let it run away as free water to run turbines, and the question of power ~ 2 


Se «Ati is argued that pressure on the bottom « of an object (in sand, for example) 
ean be only : a fraction of the computed head because there is contact on part been « 
ae of the surface of a grain of sand where there could be no pressure. _ This : argu- accoul 


ment ignores the fact that the next layer of sand grains will press ‘against cannot 


- the one in contact and make up fully for any such contact. 2 ts 


hes Experiments | have — made tending to: show ‘greatly reduced ‘Pressure by 


some to voids in the ‘Such are a a volumetric property ; is 
purely a superficial matter. There could be no relation between sand voids — 


and pressure of water in those voids because pr pressure is totally independent 


Engineering News, April 9 and vans Engineering Record, April 27 
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ie ‘Tests of such properties made on only a few inches of water are unreliable, 


as many uncertain and unknown elements enter. For example, unless the 
| 


- small cylinders are plunged deeply into the sand, "practically full head is 
shown by their rising out. In the , deep | position, however, the starting friction 
(augmented by pressure on top of the sand), air | bubbles i in the sand, and the 


sible time element. for the ‘accumulation of pressure, ‘combine to ) show an apparent | 
that upward pressure of only a fraction of the actual head. 
vater In the well- known process of jetting piles” in sand one has only to apply ; 

, — the water at the bottom of "the pile, and it will sink in. Let the sand settle _ 
around th the pile, and it is very difficult to drive or to pull 


Air bubbles and cohesion in the sand due to the presence of clay would 


pro- have a ‘measurable > influence i in tests where only a few inches of head is is con- 

diet sidered. A few inches of sand could be held ‘together: by these means and the 4 
a 

west ‘lifting: action would account for part of the head. - 


Tests of high heads have show n, in n dams and dry docks and in laboratory 2 

"experiments, that under-pressure is practically 100% after sufficient time 

elapsed for the pressure to build up. “ In the fe face of these actual “practical 

- tests - it is foolish to set’ up others on miniature e models, with all the attendant 

uncertainties | already mentioned, and to design dams on the basis of these 

small tests, setting aside the proofs « of large-sized models and actual « experience 


_ Pressure i in so-called impervious ‘soil, while it may take more time to build 


up, -eannot be assumed to be less than in sand. The soil above and below the 


tunnels in ‘New Y ork, being silt and clay, would seem to be classed as imper- 
vious ; but this shows most remarkable response ‘to fluid: pressure. ‘It is 


observed that the tubes sink and rise as tide rises and ebbs. This demon-_ 


strates, not only that this “ i “impervious” s ‘soil, transmits and exerts pressure, but 


the further fact that it requires some time for this pressure to travel through the | as a 


mass ; for if | the pressure were transmitted at once, there would be no 


yetual difference between the differential of top and | bottom. pressures § es at and 
ones, . low tides, and thus th there would be no movement of the tubes. PE J 
power The writer believes that in practically every” dam has failed 


reported reason has been. “foundation failure”; 


mple) has been able to Jearn, have the ‘Successive steps of that foundation failure 
been described or analyzed. Excessive soil pressure due to weight cannot 


1 part 
argu: account for | it, because that would merely make the dam sink. . The earth 

painst cannot wash away unless ‘there i is a crevice e through which Ww ater ¢ can flow ; and, = 7 

BP cig 80 long as ‘the dam is in contact with the soil, . there can be no such crevice. ; 
ire by The blow- out, is sometimes used to describe the failure. blow- 7 

ed by of soil connotes high pressure, and high | pressure under a dam is something — 7 

~ 


ure 20n-existent, according to those who make this explanation 


and fail to see 


‘golds that - that high pressure would lift and float a dam not proportioned to it 

ndent it long before it would issue in a blow- 

; be It would be impossible f for rock, no matter how poor a quality, to issue in ~ 


a blow-out. fluid or semi-fiv -fluid soil could be out from beneath 


* Transactions, Am, — at Vol. 93 (1929), pp. 1330, 1331, 1333, and 1354. 
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incumbent on the Engineering Profession to do one of two 
namely, either to answer these arguments in a free and open discussion =e to. 


Mr. Wiley mentions* the economic of arch action in dams. 


— 


the St. ‘Francis a are not arches, for they taper down to practically nothing 4 
at the very place where gigantic abutments should be located. If suitable 
- abutments for such long dams, not in rock ¢ gorges, were included in the design, 
seeming “economy Ww would vanish. «At least, two long, curved dams 
failed because their designers” considered them as arches, but supplied no 
+ This is another of the major errors in standard dam design. 


2 


a Pulehettnan Am. Soc. C. B., November, 1929, Papers and and _ Discussions, p. 2321. ee 


Engineering News-. Record, October 13, 1926, p. 6 616. 7™ 
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— _ the dam in plan makes an arch of it. Nothing is said seloge ming ies saa 

— need of an abutment. A curved dam is merely a curved dam; it is_ 
» 
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AMERICAN SOCIETY OF 


PAPERS AND DISCUSSIONS 
This: Society is not responsible ‘for any ‘mate ot or 


in its publications. 


EFFECT OF TURBULENCE ON THE RE SGISTRATION OF _ 


Cuartzs S. Bennett, M. Au. Soc. C. =” 


§ S. BENNETT ‘Am. Soc. ©. E. (by letter). +—The data presented 


in this’ paper are are of particular: interest to hydrogr aphers because they make 
possible a quantitative of the effects of turbulence i in streams on 


4 


cussion among hydraulic engineers regarding the relative merits of the differ- 


ent types of meters, and the data obtained in these experiments should give 
conclusive evidence with respect to some of the various contentions. — While . 
few similar experiments have been made heretofore, it appears that the work 7 


done in ‘this 3 series more ‘nearly approaches actual field conditions than any 


3 It has long been recognized ‘that 1 meters of the cup type will over- register 


when to transverse currents and that the screw- type pe meters 


in the screw-type of ‘It would appear r that, disregarding all other 

considerations, all types of natin now in general use (with the exception o of - 

the e Haskell, high- -pitch wheel, and the Hoff) are subject to about: the same 
degree of “inaccuracy under these ‘conditions, to horizontal angles of about 
30 degrees. However, meters of ‘the cup tend to under- register 
the influence of obliquity of flow in a vertical direction. Since ‘turbulence 
causes obliquity vertically as well as horizontally, it follows that the cup meter Re, oe 


* This discussion (of the paper by David L. Yarnell and Floyd A. Nagler, Members, 
Am. Soc. C. E., published in December, 1929, Proceedings, but not presented at any meeting 
of the Society), is published in Fie 9 all in order that the views expressed may be e brought 
before all members for further discussion. 


Engr., The Miami Conservancy Dist., Dayton, Ohio. 
t Received by the Secretary, December 19, 1929. \ 
§ Proceedings, Am. Soc. C. E., December, 1929, Papers an and Discussions, p. 2633. 
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BENNETT ON EFFECT OF TURBULENCE ON CURRENT METERS [ Papers.  Februa 
will probably | actual over- in a turbulent stream than is 
 Stream-flow measurements with current meters are ordinarily from 


cables or bridges at selected points, and the proportion of the total cross-section 

‘in which turbulence occurs due ‘to piers or obstructions is relatively small. 
When measurements are carefully made at such sections, the results should be — 
‘reasonably ¢ accurate, no matter what type of standard meter is used. However, 
: there are so many practical advantages in the improved Price meter now used > 

_by the U.S.G Geological Survey, that it seems to be the most ‘satisfactory ’ for 


It might be suggested that, where is necessary to make measurements 


in races or other streams in a turbulent condition, readings be obtained with © 


cup meter as well as with a screw meter, ‘such as the small Ott. Comparisons 


of the readings should give an idea of the approximate compensation to allow 


for i inaccuracy due to angular approach of the stream filaments. It might also” 


4 “exist; 3 . that j is, make each reading 0 of velocity one a period of about 180 s sec. 
_ The data in Tables 1+ and 2+ ‘result from experiments made at velocities of 


2 ft. per sec. and less. From Fig. 14§ it appears that an increase of velocity up @ tembe 
to 5 ft. per sec. “makes a considerable difference in the percentage of variation © iL. Fr 
4 for two types of meters 2 at various horizontal angles. , This comparison raises Assist 


the question of the effect of higher velocities, such | as occur in ordinary streams ~ 1891, 


_ in flood, on the variation. It is hoped that further studies may be made, using pany, 


experiments at velocities somewhat higher than those of this series. ductix 
s 


_ The writer believes that these experiments bear out the general opinion ship v 


of hydrographers that current meters cannot be expected. ‘to ‘register M. Aj 


po 4 value of the par meter lies in ‘its use for the ‘measurement of the flow of Super 


; - average streams, in which it is usually p possible to ‘select a ‘measuring section pipe | 


4 where there is a minimum of disturbing conditions, 
nectio 


* Proceedings, Am. Soc. E., December, 1929, Papers and Discussions, Pp. 2633. 
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MEMOIRS OF DECEASED MEMBER 
-Norg.—Memoirs will be reproduced in the volumes of Transactions. | ‘nia information 
wid will amplify the records as here printed, o or correct -_" errors, “Should - forwarded to 
the Secretary prior to the final publication. Ph, 


SAMUEL GLVENS BENNETT, M. Am, Soe, C. E.* 


‘Samuel Givens Bennett, pene son of John W. and Agnes (Givens) Bennett, 
Ww as born at Taylorsville, Ky., on July 12, 1863. He was educated i in the public 
“schools 2 at Owensboro and Hartford, Ky. , and later studied for two _ one- 
half years at Georgetown College, Georgetown; Ky. 
In 1886, Mr. Bennett went to California where he “commenced his > 
of land surveying and civil e engineering. His first employ-_ 


was with the late E. T. Wright, M. Soe E., of Los — 


Calif., in the capacity o of Chainman, Draftsman. 
me subsequent years he was engaged in the following positions: From Sep- 7 
te tember, 1889, to September, 1890, as Draftsman Instrumentman with +4 
‘L. Friel, Civil Engineer; from September, 1890, to September, 1891, a as 

Assistant Engineer with the Redondo ) Railway Company ; from September, 
1891, to October, 1893, as ‘Draftsman with Pacific Coast Abstract Com- 
pany, of Los Angeles, Calif. ; from October, 1893, to December 1896, in con- 


ducting g general engineering business i in and vicinity, i in partner-— 


ML. Am. See: C. E. from Way, 1897, to Apel, "1898 » as Engineer with he 
Chicala W ater Company, of Rialto, Calif. ; ; from ‘April to 1898, as 
Superintendent of the construction of | a ‘pumping plant and a riveted steel 
pipe line for the Azusa Glendora Water Company ; from October, 1898, to. 
April, 1899, in association with J. B. Lippincott, M. Am. Soe. C. E., in con- 
nection with the Pasadena, Calif., Water Supply System; from | April, 1899, to 
January, 1903 2 as Assistant Resident Hydrographer for ‘the United States 
Geological Survey i in California ; from January, 1903, to. June, 1906, as 
Engineer in the United States” ‘Reclamation Service, having charge of the 
Sacramento Valley Project for almost two years of | this period; in 1907, as 
Locating Engineer for the Los Angeles and Owens Valley Railroad Com-- 
pany; from 1908 to 1909, in private practice; 2; and during 1910, as “Engineer 
for the ‘United Sugar Company in the State, of Sinaloa, Mexico. 


1911, Mr. Bennett again returned to Drivate practice, but » was soon n appointed 


Randall, of ‘Minn., who, with their four children, Benen wid 
8. Gerald, Mable Rose, and J ohn Newton, ‘survives him. Mr. Bennett was 


member of the Baptist Church, and » was greatly beloved a among a wide: enh 
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MEMOIR OF WILLIAM LEWIS BRECKINRIDGE 8. 


Of a retiring, modest disposition, he was a great student along valent 
and religious lines. His hydrographic work in the High Sierras in California 


LEWIS BRECKINRIDGE, M . Am. ‘Soc. C. 


Za William Lewis Breckinridge, the son of Marcus Prevost Breckinridge, M. D., 


and Lucy (Long) Breckinridge, was born at Louisville, Ky. . on Jd une 29, 1857. 

pe He was a direct descendant on his paternal ‘side of a family noted for its 

? . patriotism, oratory, , and statesmanship. ‘After first settling i in V irginia i in 17380, 

J ohn Breckinridge, his great-grandfather, migrated to Kentucky i in 1780. One 

a: his grandsons, J ohn C. Breckinridge, became famous i in political circles, being 

Vice- President of the United | States suis 1856 to 1860,.a and, aay running foe 


ils His grandfather, the Reverend William Lewis Breckinridge Was 


a Presbyterian Minister, and, at one time, served as Moderator of the combined | 
| Presbyterian Churches of the United States. 3 V While many of the Breckinridge 


family espoused the Southern cause, Marcus Prevost Breckinridge and 
descendants allied PN with the Union in the controversies leading up to 


his maternal side, Long family was ‘quite as prominent; his grand- 


‘From 1818 to 1826, he ‘supervised explorations between the ‘Mississippi River | 

and the Rocky Mountains, Long’s Peak, the highest summit in those seamuabnia 
25 being named after him. In 1829, he published a “Railroad Manual”, the first 
- i: of its kind in the United States. “From 1827 to 1830, he was Chief 
_ Engineer of Surveys, in ‘connection. with the building of the Baltimore and 
Ohio Railroad; later, he became Engineer in Chief the Western and 
Atlantic Railroad, in Georgia, during which | time he introduced a system of 


(oy of the ‘Mississippi River, and was , made Colonel of Engineers | in 1861, shortly 


a William Lewis Breckinridge spent his boyhood days in ‘Alton, TL, attend- 


S ing the public schools. After graduating from High School, he went to the 


a ee Memoir prepared by a Joint Committee of the Society, the Western Society of Engi- 
neers, and the Club, of A. W. and Elmer T. Howson, 


for the U. S. Geological Survey brought him conspicuous success. As City, 
Engineer of Oxnard, | “Sam” Bennett enjoyed | the esteem and respect of the 
= Trustees that city during the long period of years in which he held that 


Mr. Bennett was elected a a] Member of the American Society of Civil — 


_ father, Stephen Harriman 1 Long, was one of the foremost engineers of his day. 


d curves on location work. He served for a time on the Board for Improvements 
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February, 19 1930] MEMOIR OF WILLIAM LEWIS BRI BRECKINRIDGE 
‘Worcester Military Academy, Worcester, Mass., | from there to ‘Washing- 


ton University, St. Louis, Mo., from which he was s graduated with the , degree 
of Civil Engineer in n 1879. In. June, 1907, Washington © University conferred — 


4 i 
him the Honorary Degree of Master of Arts. 


He entered the service of the, Chicago, ‘Burlington, and Quincy Reileoed 


on J July 15, 1879. _Beginning as an Assistant Engineer, 


Engineer: of Maintenance Chief of the ‘Chicago, 
Burlington, and 1 Quincy System, then under F ederal Control, in 1918. ‘He con- 


_ tinued in this capacity ‘until the end d of F ederal Control in 1 1920, » when he 
wa yas ‘appointed Assistant Chief Engineer of the ‘System, which position he held © 


ad kh his service with the Burlington Railroad, period of 


pearly half a century, ‘ve. Breckinridge saw the Lines East of the Miss a 


‘River grow by construction and by acquisition from a group of loosely knit 


ar. 
light t traffic lines, comprising a total of 1857 miles in 1880, toa highly developed 
“system < of 4410 miles in 1993. - This period was one < of intensive, as well as 


mee, | dey velopment, mu uch of which was under Mr. Breckinridge’s supervi- 


‘sion. He was in charge of re- -alignment and revision of grades on the 
Burlington’s main line across Iowa from 1898 to 1902, which comprised s some of 


‘the heaviest work of its kind up to —— ee 


Under his. administration, the Burlington ‘extended its line into “the 


Southern Tlinois | coal fields, and then rebuilt existing lines from Centralia, . 
Ill., north to ‘St. Paul, ‘Minn., ‘providing a maximum of 0.3% for this 


distance of more ‘then 600 miles. Coincident with this program, numerous 
large terminals were built, including the gravity “classification. y yards at 
Galesburg and Hawthorne, tll, and the new locomotive. shops at West Burling- | = 


ton. Particularly outstanding for its day was the track-elevation 


between Chicago and Clyde, Ill., one of the earliest projects of this magnitude r 


=. Mr. Breckinridge was a man of unusual personality, possessing a dignity of = 


bearing, , yet with a friendliness that inspired respect and He was 

a gentleman in every sense of the word, considerate of others to an unusual - 
degree—a trait ‘which won for him the unreserved loyalty a and friendship of all 
those with whom he came in contact. Naturally of a retiring disposition, his a “= 
ability and personality were known only to those with whom he was associated, 
but by them he was held in the highest esteem. pura ug gulinw 
On October 15, 1891, he was married to of Alton, Tll., who, 

with two sons, William Lewis and Frank Prevost, survives him. His feligtous 


affiliations were with the Protestant Episcopal Church. ai 


- He became a member of the Western Society of Engineers and of qe ae 


American Railway Engineering ‘Association in 1899, and of the Chicago Engi- | 


on | October 1903. 
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GEORGE MARTIN ALOYSIUS | ILG, M. Am. Soe. “poor he 


as Assi: 
™ 


a Afte 


ig - George } Martin | Aloys sius Ig was born i in Chicago, Ill, on Nov ember 26, 1881, 


the ‘son of John J. and Christine -(Schnebelen) lig, being one ‘of ten children. City E 

Mr. Ig received his early education in the public schools 0! 
was graduated from Calumet High School in 1901. 

His practical « experience in engineering began shortly after his Engine 


when he went to work for the American Bridge Company. ‘He served four § fy] 


: years with this Company as Shop Inspector, Tracer, Detailer, ‘and Checker on Smith | 


steel work for bridges and buildings. death. 
In 1905 he entered the School of Civil Engineering at the U: University. of He 


‘Illinois, paying his own way w ith funds he had saved during the previous four pry gel 
; years and with the help of earnings as a Draftsman for the Kenwood Bridge cess of 

‘Company during the summer vacations. He completed ‘the full four-y. “year a keen « 
‘course and was graduated i in receiving the of Bachelor of singula 


Science in Civil Engineering. ve especial] 


— 


After his graduation - from Mr. his engineering work with On 
the Chicago, Milwaukee and St. Paul Railroad Company and ‘was soon given Dr. F. 
_— of the design of concrete and steel bridges and other structures. — In § survive 

1911, he « entered the employ of H Holabird and Roche, Architects, as a ‘Designer ue He 
4 
in the Engineering Department. — During the next ‘even, years, he was respon- Hiram 


gible for : a large part of the firm’s desion work in both reinforced concrete and 


_ In 1916, in connection with | his regular work, he had occasion to design 
long-span steel arches for an armory. He became interested in arch 


a. to the extent of devoting considerable additional ‘study in his spare’ 
time to th this subject, which resulted i in his s preparation of a \ thesis: on arches. 
Based « on on this, , together - Ww ith other requirements, Mr. Ig) receiv ved the degree 


Civil Engineer from the University of Illinois in June, 1916. 


May, 1917, he left the employ of Holabird and» Roche and entered the 
First Officers’ Training Camp, at Fort: Sheridan, Ill . He held a commission Cha: 


2 in the Reserves as Captain } of Engineers, which commission was confirmed after HB horn on 
training service at Fort Sheridan, at Fort Leavenworth, Kans At grade 

the’ completion mn of his training he was on the inactive list and, 


while waiting for ; a call, entered the employ of the Stone and Webster Cor an en 


ration, at Philadelphia, 1 Pa, , on structural design of buildings for Hog 4 
Island Shipyard. His work here apparently was deemed as important as the § Forema 
more active duty in France, as he was not. called for active service, but re- 

a mained on the » Hog Island work for the duration o of the World War. wd ast’ A qi In 1 
= At the end of the war, in the fall of 1918, Mr. Ilg returned to Chicago and 5 here h 

became Structural Engineer for Jarvis Hunt, Architect, in charge of design 

* and construction. 7 After two years in this position, he resigned on account of bridges. 
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health | did not improve 3 and he suffered a severe nervous breakdown. _ Seeking ei 
outside work, he moved to Pierre, S. Dak. .. in 1920, where he accepted a position — Dy: 
as Assistant Bridge Engineer for the South Dakota Highway Commission. _ 
ae After two years on this work, Mr. Ilg’s health was very much improved, and — 

in 1922 he moved to St. Paul » Minn. “ 1. Here, he served for some time im the 
City Engineering Department, where he was engaged» on the e design of 
a number of bridges, including the Ford Bridge between Minneapolis and 


Paul. Later, entered private practice a Civil and Structura 


MEMOIR 


In January, 1926, Mr. Ilg returned to Chicago éntered the employ of 
Smith and d Brown, Engineers, Incorporated. He was with firm until his 
iy of He will long be remembered and esteemed ie associates for his 
four | 
year LOW | difficult: or His 
with 
siven 
igner He was a Mason, a member of the Triangle Engineering Fraternity, 
spon- Hiram Sleifer Post of the American Legion, » the Forty and Eight C Club, and 
one the Western Society of Engineers. He was also a Captain, Engineers Reserve 
Ig was Member of the American Society of Civil Engineers 
‘ches | obs CHARLES NEIL MC Bee, 

Charles Neil McDonald, the son of Alexander a weil Johanna McDonald, was” 
after born on n August 2 25, 1862, even Sidney, Nova Scotia. Asa a boy he attended the 

- | zrade schools of Sidney, and there, too, he served an apprenticeship as a car- 
orpo- In 1882, after living for a ‘short time in Boston, Mass., “Mz. McDonald 
Hog moved to the Dakotas, he ‘was employed as Carpenter and Bridge 


as 


ag Bridge Foreman on the construction of stone, concre 


4 
and 
= 
a 
, 
a 
4 
part of the Great Northern Kailway Company ) 
_In 1884, Mr. McDonald moved to the - Far West and located at Celilo, Ore., 
f 


MEMOIR OF CHARLES NEIL MC DONALD 


In 1890, he was appointed _ Superintendent Construction for Robert 
Wakefield and Company, Contractors, of Portland, Ore., and for eighteen ye years: 7 
he continaed in active charge of all the m numerous large construction. Projects 


a wide s scope and included docks and harbor "improvements at various points 


= the Pacific Coast, numerous bridges for the Union Pacific System, all 
the bridges on the Astoria and Columbia River Railway, and several large 

_ structures for the City of Portland. He was also retained from time to time | 
to represent the Chief Engineer of the Oregon Railroad and Navigation Com- © 
pany in the execution of of difficult bridge foundations and in the solution of 
= In 1908, his activities carried him into the Far és rth. He ie him- | 
a ‘self 1 with the Copper River and Northwestern Railway Company which was 


being extended into ‘the interior ‘of Alaska, and v was placed in charge of all 
the bridge construction on that line Ti 


2 _ This work, which included the famous Miles Glacier Bridge and the Kusko- i 
P gs Cantilever, was crowned with notable: success in the face of most adverse _ 

circumstances. Operations were carried on far from a base of supplies; the 


season of the in which climatic. c conditions were favorable for constructio 


was limited to only a few months; and the work had to go on during the long 


winters of the Copper, River | country and in temperatures almost 
re Large masses of ice are discharged from Miles and Child’s Glaciers. into | 
‘the Copper River during the summer months, and for that reason the Miles 
Glacier Bridge which crosses that stream was as originally designed for cantilever 7 
a ‘erection. oe To advance the oper opening of, the railroad a full year, however, the 
plan was changed, and d it was d decided to carry on substructure work during the 
_ winters and, at the same time, to erect ; the spans of falsework supported o: on ice. z 
, a The plan w was a success. The i ice moved out in an unusually early ‘spring thaw 
twenty minutes after the bridge was self-supporting. This dramatic inci- 
ie dent is well described in Rex Beach’s novel, “The Iron Trail.” ee ae 
—-:- In 1912, Mr. McDonald returned to Portland and ind again a associated himself ; 
a. with Robert Wakefield and Company. ‘For several yea years he was the active head ¥ 
o.. of that firm in charge of the execution of important river and harbor work — 
a and large bridge projects, involving | the expenditure of many millions of dollars. - 
= Included in this work was the erection of the Harriman Bridge (double- a 
\ railroad and highway lift) across the Willamette River, at Portland, and the 
terstate Bridge across the Columbia River, at 
g 
oe wi In 1920, he became Vice-President of the Gilpin Construction Company of 
; Portland, and, from that time until his death, he directed its more important 


time 
‘operations, among which were bridges : across. the and 


wa Mr. McDonald possessed to a rare degree the good judgment that is ae 
only in the stern school of experience, but he combined with it a ang 


counsel v was many, especially by the younger 1 men, 


whom he 
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- understand. His life was marked by a succession of great achievements, bold 
and daring i in conception, taxing amazing resources of skill and energy in exe- 


Deeply religious, and ¢ of a modest: and retiring. disposition, | generous, | honor 
able, and upright in all things, he was an inspiration to those who came in 


contact with him. No man was loved more by his associates. His passing has. a 


left an empty place which they feel can never quite be filled. eli ianh ed 
‘ie 1890, he was married to Carrie Harrison, who survives him, together 


ime 

£ daughters, Mrs. Joan Atwater, , of Eugene, , Ore., Mrs. Jessie 
om- 
” ee He was a member of various Masonic bodies and other fraternal orders, and a 


affiliated with the Methodist Episcopal Church, 
- Mr. McDonald was elected a Member of the American Society of Civil 
"Engineers on January 17, 1927 at 


dal ALEXANDER BAIN -MONCRIEFF, F, F, M. Am, 


gai Bain Moncrieff was born in orn in Dublin, Ireland, on May 22, 1845, 


a descendant of an old Scottish family « of Perth which numbers among its mem- 


“bers a noted lawyer, a famous divine, and many others distinguished in 
ag! ie Moncrieff spent several years at the Belfast Academy, after which he 


was ne to the late Mr. E. Miller, Chief f Engineer ¢ of the Great South- 
western” Railways in Ireland. He served his apprenticeship in the railway 


shops at Inchicore, ‘Dublin, and had seven years’ experience in the ‘workshops 
* and i in the office of the same Company. This period included twelve months spent 


in the blacksmith’s shop, where he worked from 6:00 a. M. until 5:00 p. m., in 
ae contact with a side of life that developed in him | a feeling o of keen 

sympathy for his fellow workers, to whom he always said he owed a great deal. 
a _ At the ‘close of ‘this: training and experience Mr. Moncrieff y went to o Glasgow, Loe 

‘Scotland, ; as ‘Draftsman for | the Dubbs Works, at Govan, where he was engaged - 
mainly” on the design and construction of locomotives. Because of business 
g changes, he returned to Treland and took charge of the rebuilding \ of a large 
we water- driven flour-mill and -malthouse at ‘Milford-on-Barrow. On ‘the com-— 
pletion of this work, Mr. Moncrieff assumed charge of a small “workshop in 
London, England After a short ‘interval, however, he answered an advertise-_ 

‘lent issued by the South Australian Government for an efficient Draftsman. 
application met with immediate success" _and he accordingly took ship 
to Australia, where he arrived in 1875. Engineering Draftsman 


he was chosen to assist in the design of fortifications and in this capacity a 


obliged to travel to Melbourne, Sydney, and Brisbane, Australia, 
uired & In 187 9, Mr. Moncrieff ‘appointed Resident Engineer of ‘the: South 


Australian Railways, taking charge of the line as it was gradually extended 


- from Port Augusta to Oodnadatta. In 1888, on the retirement of the = 


a _ * Memoir prepared from information furnished by Alex. S. Moncrieff, Esq., Adelaide, 
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-MEMOIR OF ALEXANDER BAIN MONORIEFR F ebrua 

Mun, M. Am. Soe. ©. E. promoted to the Engineer -in- churel 

Chief, which position he held for twenty years. In addition to his duties | in - among 

4 the Railways Dep vartment, he had charge of the construction and maintenance 5 _ career 

= of harbors, jetties, and lighthouses, a as well as the construction of water- -works — he 

the conservation of water. The construction of the Happy Valley WwW ater The 

Works and of the Outer Harbor, , Adelaide, a are two outstanding ‘monuments to § to Mr 

7 his ability, determination, and zeal—true evidences of engineering achieve- [Jf him ir 

ment of which any engineer ‘might justly be proud. _ They stand as a silent - bility, 
memorial toa. career of exceptional \ 


~ ad On the retirement of the late Mr. Alan G. Pendleton, Mr. tesa suc- 


ceeded to the office of Railways Commissioner. As such, he served under nine-— 
teen Commissioners 0 of Public Works, from all of whom he received hearty | 


"support in his w work. Under Mr. Moncrieff’s ‘supervision many improvements 
were accomplished, including the completion and | putting into service of the 


Mile-End Goods Yard, by which means up-to-date freight accommodation 


_ provided for the City of Adelaide and its suburbs; new siding accommodations | 
at Port Adelaide ; the installation of appliances 4 for the prevention of fire at 

railway ‘stations; the improvement of sanitary, arrangements at stations 
of the > facilities on th the Woodville and ‘Henley J Beach | Lines ; the i increase in and 

the improvement of the rolling stock of the railways; ‘the fitting of the W ests 
d inghouse brake to a large number of freight trucks, which made possible the " 


- delivery of parcels i in the suburban area by motor vehicles; the establishment 


- of an inquiry office at the Adelaide Railway Station (an opportunity was also B Mich. 
given | the apprentices to improve themselves | by attending classes: at the School atmos 
of Mines) ; the placing of railw ay fares on a scientific basis; the teaching of Pal 


on we 

‘early 
which was encouraged wherever possible. Mr. Moncrieff also was the “father” 
“of the Sou ith- Eastern Drainage Project in which he took great interest and 
‘which at its inception he personally explained to conferences of landholders - ; 


held a at Narracoorte and Millicent, , Australia, ensuring their hearty support of — 


first aid to a large number of the ‘staff and the planting of gardens at stations § 


In 1916, ey forty-two years of service in several capacitiés, Mr. ‘Monerieff t 
retired as Railw ays Commissioner. During this entire period his only 


tions were those spent in traveling on Departmental business. When asked 


once by a representative why he did not take a holiday he replied, “T do not | 
feel that I need a holiday ‘and the fact that I have never been ill proves at) 


Monerieff was a living justification of the gospel of hard work. 


ne oa He was the first Chairman of the Municipal Tr amways Trust ‘sad held this é 

position from its inception in - 1907 until January, 1922. He was a member of | 
the Institution of Civil Engineers of ‘Great Britain, and in December, 1909, 
under the hands of the King of England, was made a Commander of the O: ~— 


un 
of St. Michael and St. George. 
‘Until shortly before his death, Mr. had the most robust 


. h realth, taking a a constitutional walk 1 to and from the city several times 2 a week. { 
a Also, before his retirement, he walked ai to his office from his home. ‘He 


ind greatly in 
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the 1 ME HARRY FAY ROACH 

i | church work. AY Gardening, 1 reading, mechanics, and Free Masonry were also 

‘ among his recreational pursuits and i in these releases from his strenuous official 


Mr Moncrieff wn a man of decided opinions | and of great personal force. 
The Secretary to the Railways Commissioner, Mr. C. J. Boykett, in referring — 
to Mr. Moncrieff, has stated that officers who were intimately associated 1 with 


ieve-_ “him in ‘practically | all the positions he ‘occupied testify to his outstanding cape- 
bility, versatility, and energy displayed in carrying out his undertakings. He 


, was held i in high esteem for his gentlemanly and honorable conduct by all those 7 


‘with whom he was associated in the railway service, ‘and was regarded with | 
warm affection by those with whom he was more intimately acquainted. zz 
true > gentleman, kindly and m most gracious by nature, his passing is mourned 
by a a great company of associates and friends. He is survived by his © widow, 
Mary Bronson Moncrieff, a son, and a daughter. 
‘a Mr. Moncrieff was s elected a a Member of the yr Society of Civil Engi- 


HARRY FAY ROACH, Soe. C. E 


cand 

cand Diep Jury 28, 1929. 

dus Harry Fay Roach was born in St. Louis, Mo., on May 7, 1871, the son -—. - 

i | Harry E. and Sarah (Haley) Roach. | His mother was a native of Kalamazoo, 

also ‘f Mich. His father er was an 1 Architect pre Builder and the son grew up in an 

chool atmosphere of. construction, spending his spare time in his father’s office e 

Ig of 4 on wor ork in the field. _ He thus thus acquired considerable valuable le training in his 

tlons 

ther | Roach was graduated from ‘the St. Manual Training School in 

and 1880, and in the fall of that year entered Massachusetts Institute « of 

“Technology. He remained there until the summer of 1891, taking the course” 

vin Architecture, after which | he entered into partnership with his father for 

the practice of his profession in St. Louis. Inv 1894, he traveled through 

en ‘England, France, Belgium, Germany, Switzerland, Italy, and Greece, studying 

vaca: h vf His partnership with his f as ter- 

oa the architecture ) ‘those countries. is partners ip wit is ather was as ter 

— ‘minated i in 1903, and thereafter, until the time of his death, he ‘was was engaged — 
in architectural and e engineering work. k. He designed many important build- 


“ings in St. Louis, among which are the Hamilton-Brown Building, the Times 
Apiding, the Buckingham Club, and the Syndicate Trust Building 

7 Mr. . Roach was” a mathematician. of note and had an an ingenious mind and 
ability of high order. He developed the means of generating elec- 
tricity for the lighting of railway, trains as early as 1899. He patented rail- 4 
way ‘and angle-bars, designed ‘rail | sections, and invented a method o of 
photographing the deflections in railway track and structures under moving — 
loads by the use of motion picture | camera and ‘reflectors. All the work € q 


invention and research th 


ae *Memoir prepared by a Committee ‘of “—y St. Louis Section consisti 
C.D. Purdon, and Baxter L. Brown, Members, Am. Soc. Cc. E. 
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tifie investigation and not with the hope of any pecuniary reward. ‘His discus. 
sion of engineering subjects was always instructive, and his friendship was” 
prized by a a large | circle of professional men in St. Louis. wt tet baal adit 
Mr. Roach was affliated with the ar The 


1898, he was, y to Mary Gallop, who survives him. He leaves 
also two o daughters, Mrs. Donald B. Pheley, c of Pasadena, Calif., | and Dorothy 
E. Roach, of St. Louis; and four sons, Harry F. Roach, Jr., and Alan Douglas 
‘Roach, of St. Louis, Alden G. Roach, Assoc. MM. Am. Soe. C . E., of Altadena, 


Mr. Roach was elected a Member of the J ihedivebiiead, Society of Civil Engi- 


_ Edward Stuhrman was born in ‘New York, N. 


Februa 


sel 
Trust 
Senio: 
Hotel. 
and h 
of Ne 
Yarag 
hey wa 


18, 1884, where his” early life was spt spent and where he himself 
was graduated from Columbia the of 1907, with 


Later, he was 
peck any a . license by the State of Il Illinois to engage in the practice of . Peikieew® 


ture and was a Registered Engineer i in the State of Florida. is ted ‘to ae 


After his graduation, Mr. Stuhrman was employed for a short time as 
| Timekeoper and F Foreman, by the Carlin Construction Company, of Brooklys, 


of New ‘York, as Draftsman and Assistant Engineer, resigning to become! 
with the Industrial Engineering Company of New York. 


~ Upon leaving New | York, he went to Chicago, | Iil., where he was | employ ed 
by the Chicago, ‘Milwaukee and St. Paul Railway Ciiabieds: serving 1 with that 
Company for several years. _ From Chicago, Mr. Stuhrman went to Baltimore, 
Md, with the Arthur Tufts Company, and was in charge of the design and 


construction of warehouses and concrete water tanks for the Coco Cola Com- 
= at Baltimore, Los Angeles, Calif. New Orleans, La., Kansas ‘City, Mo. 
Winnipeg, Man., Canada, and Atlanta, While in ‘Atlanta, he was engaged 
as Engineer on the Candler Warehouse, Emory University Buildings, and 


Stuhrman moved to Miami; Fla., in 1 1924 and years of 
residence there, he was connected with some of the largest 


projects i in ‘Southern Florida. Some of the more important buildings on which» 


Fa * Memoir prepared by Meldrim Thomson, Esq., Miami, Fla. | fr 
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he served as Engineer are the ‘Congress. Building, ‘Seybold Building, First 
Trust: and Savings Bank Building, City National Bank Building, Miami 
Senior High School, Gulf Stream Apartments, at Miami Beach , Whitehall © 
Hotel, Palm Beach, Rolyat Hotel, at St. Petersburg, and the passenger mone 


and hangars for the Pan-American Railways at ‘Miami. ails ub 


ai Stuhrman was a member of St. George’s Protestant Episcopal Church, 


of New York. He was a Thirty-S Second | Degree |] Mason and a member of 

Yaraab Temple, A. A. O. N. M. S., of Atlanta, Ga. At the time of his death, 

° was President of the Miami Engineers’ Club. He was also a member of th the 

Mr. Stuhrman’s untimely death, Florida has lost one of 

He was married in Brooklyn, N. Y., o on. Lugust 26, 1908, a nd is amet by 


his widow, ‘Violet L. Stuhrman, and two sons, ‘Everard and Ahlert. 
Mr. Stuhrman was elected a Member of the J American Society of Civil 


OFF | 
MILLER TODD, M. Am. Soc. C. E.* 


SEPTEMBER 11, 1929. | 


_ Alexander Miller Todd, the son of George T. and Marion (Miller) Todd * 
was born § September 28, 1874, in ‘Rankin County, Mississippi. _ His early 


education was ‘obtained in the public - schools of Rankin County. ‘He matricu- 4 


lated at Texas 3 Agricultural Mechanical | College in September, 


and was graduated in June, ith the degree of Bachelor of Civil 
On the completion of his college course, Mr. Todd dead the service of the 


‘Mississippi River Commission, Third District. . He started as a Rodman at 


the bottom of the Engineering Department, and by hard work advanced rapidly 


‘through the grades of f Levelman, Transitman, and Inspector, ‘to become a 
‘Superintendent | of Construction in 1900. 


His early survey work brought him into intimate field contact with the 


Mississippi River and gave him a ‘practical background that proved invaluable — 
later when he reached a position to study the problems of river control. t From © 
the first, he m manifested a lively interest in 1 the behavior of the Mississippi, and | 
his keenly analytical mind early began to’ consider the difficult problems of 

Mr. Todd devoted his whole professional life to the Federal Service. From 
a Superintendent of Construction i in 1900, he rose steadily through the various 
grades i in the Engineer Department, ‘until « at the time of his death he held the 


position. of Senior Engineer. His entire service was in what is now called 


4 During the war-time emergency, from 1917 to 1919, as District 
Engineer of the Third Mississippi River Commission District and directed, — 


bog” * Memoir seal by Elliott J. Tucker and George R. Clemens, Associate Members, a 
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MEMOIR OF ALEXANDER MILLER R [Memoirs. 


‘during this. trying time, the prosecution of n many important works. His 
services were so highly regarded by the Federal Government that he was made a 
Disbursing Agent, United States Engineer: Department, U:. 3. Army. 
| Mr Todd was a practical student of many | of the important flood- control | 

problems on the Mississippi River. r. Hiss studies of gauge relations were most 
exhaustive and were used extensively in determining levee grade lines and in 
predicting flood crests. He gave much time to the study of bank protection 
works, and his influence was felt, not only in the theoretical analysis of this | 
problem, but in the practical design of machinery for placing revetment _ Ih 

— levee building, also, he became an authority. In the District Office his ¢ uniaion:. 
as to the relative merits of revetment or hives construction in the solution of 

particular local problem, was the deciding factor in making the recommenda- 

In 1913, it became apparent t a much ‘extended program for Mis- 

siss 


supply of for the ‘idle types: “of ‘protection works or 
would be insufficient to meet the demands. nm The use of concrete was sama 


into prominence, and i it was soon, realized zed that this offered a a possible solution 

of the problem. When - the articulated concrete mat was developed, Mr. en 


_ designed an all-steel floating plant for the manufacture and —. of this 
mat » which proved most successful. This ‘plant was unique, in that it was 


equipped with the first known concrete mixer a horizontal distributing 


The demands of ‘the 1914 “Mississippi River Commission ‘program for 


weal height and section of levees were such ‘that it was apparent to the 


levee student that improved methods of construction wo would be necessary. 


Mr. devoted much of his and energy to the study of 


. more > economical methods for placing earthwork. Early experiments, with a a 


taut- line eableway machine, were 2 not as” satisfactory as desired. 


experiments with a slack- line drag-bucket_ cableway were more "succes 


- and, in 1916, in collaboration with engineers of the Bucyrus Company, he ‘ 
designed” the tower levee machine embodying this principle. This" ‘machine 
_ proved very | successful and has been used with but very little change in — 


original design to the present time (1929). The capacity of these “machines 


is approximately 150000 cu. yd. of 1 per er month—something impossible 


with the older type of equipment. ‘ol | 
Ina addition to his work on the main Mississippi River, Mr. Todd directed — 


“certain surveys on the tributaries. In 1910, he the field survey and 


report: for the power development ‘on the Upper Ouachita River, near Hot t 
i Springs, ‘Ark. , out of which has developed the project (Federal Power Com- — 


mission No. 271) for three power (built), Carpenter 


Personally, Mr. Todd was held i in the highest esteem. At ‘more than o 
heated conference his was the “quiet head that calmed the ‘discussion 


brought order and mer out of argument. . His ability to serve in difficult 
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moirs. § 1930.] 


His by the President of the Mississippi I River Commission a serve as a member of i 


nade a the Investigating Board of the “N orman’ ’ steamship disaster at Memphis, Tenn. 
Army. _ He was keenly conscious of his civic duties and served in many capacities — 

ontrol in a number of organizations. He was a Jeader in careening 
most and devoted much of his time to these interests. lak. apa 

ind in : on Death came 1 to Mr. _ Todd very suddenly, ° while on an inspection a the 
ection §f Seaaehe Dam construction near Hot Springs, Ark. His life was cut short 


f this by apoplexy at the crest of his active career. Funeral services were held at the 
t. In First Baptist Church, Vicksburg, with interment at the City ‘Cemetery. Hei is 
inion, survived by his wife, Sue (Carleton) Todd, to whom he was married 
ion of May 17, 1898, in Chicot County, Arkansas, and by three children— Carleton R. 
(Lieutenant, U. S. Navy), Marion E. (Todd) Rogers, and Elizabeth A. —o 
‘Fitting testimonial to Mr. Todd’s many sterling qualities was given in the 


lable following public announcement of his death, made by the District Engineer, 

tment Major John C. H. Lee, Corps of Engineers, U. Ss. M. Am. Soe. 

ming § “With deepest regret the District . Engineer announces the death of Sr. 


lution Engineer Alexander Miller Todd, resulting from a stroke of apoplexy while 
Todd inspecting the construction work at Carpenter D Dam, Ouachita River, Arkansas, 
about 11a.m., September 11,1929, 
f ve) bs “Mr. Todd died on duty, ending a career of outstanding merit and remark-— 
“able service to the United States as well as to the people of the valley. In this 
career of devoted and unsurpassed service, Mr. Todd identified himself with — 
all phases of Mississippi flood control. He has not only been an invaluable 
student of great flood control problems, but he has exemplified a practical 
— to execute work and hold the devoted loyalty of his fellow employees. 7 
ie _ “Myr. Todd was one of the senior members of the American Society of Civil 
Engineers in. Mississippi; an active member of the Vicksburg Chamber of | ys 
Commerce and the Vicksburg Rotary Club. He was a Deacon of the local — 
Baptist Church, a Director of the Y. M. Cc. A. , and has held the “honored | 
a respect of the entire community. To all who have known him, Sr. Engineer — 
‘Todd’s life has been an inspiration. Revered, admired, beloved by his fellow 
sssful_ men, this able public servant and loyal citizen of a bereaved community will oe 


ae % Mr. Todd 1 was elected a Junior of the American Society of Civil Engineers _ 


on October 1, an 2, 1901, an and a Member on 
> Irving We or things ton was born at Sauk Center, -Minn.. , on June 19, 1868. 
His mother was Sarah Lew is, of New York State, ‘and his father , Leslie ef 
Worthington, was descended from a Connecticut family which claimed a 
Revolutionary ry on his mother’s side. He Ww as related the 
1 one late Henry Ww orthington, M. Am. Soe. of New York, N. 


and i Irving Worthington’s ; education was begun i in the schools of Sauk Center. 


Later, when the mov ed to N. Dak., he finished | his common school 
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‘MEMOIR OF ERNEST ARDEN BRUCE (Memoirs, 

also” taught for one year. He moved to Spokane, Wash, 
Pe 1889, and was enrolled in the pre-engineering course at Spokane Ocllege, 
where he was a student for two years. tem 
Mr. Worthington’s first engineering work in 1891 was on Government 

_ surveys under Mr. J. K. Ashley, of Spokane. _ From 1893 to 1903, he was 
engaged in the private practice of general e engineering and maintained an an 
office in Spokane. During this period, he surveyed much of Chelan and 
Okanogan’ Counties, Washington and, as 1s Deputy ‘Mineral. ‘Surveyor, the 
“mineral belts and mines of Washington, Oregon, Idaho, and Montana. 


~~. In 1903 , Mr. Worthington began his long experience in the ir rigation field 


under Ernest. McCulloh, M. Am. Soc. CO. E., for the Yakima Development 


1 _ Company, of Yakima, Wash. He was a active in irrigation investigations for 


this Company for three years. From 1905 to 1908 he was in charge of 


. important irrigation developments for the Oregon Land and ‘Water Company. 


toy ‘During tlie next five - years he was Chief Engineer of the Rogue River Valley 


Canal Company, Medford, Ore. This project embraced more than 50 000 


acres, and included two reservoirs, and many miles of canal and 
laterals, ‘as well as the problems | of land settlement. The writer had knowl- 


7 edge of Mr. Worthington’s s work on this project from personal observation “dl 
= _ the results of his labor are now apparent in the productiveness under irriga- 


7 ats In 1913, he was called to be Assistant Engineer and Water Superintendent 
for the Fresno, Calif. , Canal and Irrigation Company and continued as such 


until his appointment as Engineer Appraiser for the x ederal | Land an at 


Spokane, which post he held until his death on May 27, 1928. ea 
nn Mr. Worthington was married to Frances CO. Brattain, of Deine in 


_ March, , 1900. Mrs. s. Worthington, with their three children, Patricia, Hugh, and 


He was a likeable man, @ conscientious and painstaking engineer. What- 


work he undertook, was well done. elite % 


Mr. Worthington was clected a Member of the American Society of Civil 


_ ERNEST ARDEN BRUCE, Assoc. M. Am. Soc. C. E.* 


Ernest Arden Bruce, the son of J. A. and E. Lee (Wiseman) Bruce, was” 
1 = a at Ingleside, W. Va. , on January 28,1887. He spent his early life i in Blue- 


field, W. Va., where he fitted himself for college. He entered Concord College 


us in 1904; later, he became a student in West Virginia University from which - a 
pa? a institution he was graduated i in 1908 with the | degree of Bachelor of Science in in 
Mr. Bruce began. career in Bluefield, where he as 
~Transitman, and, later, as City Engineer. He also served in the capacity of ‘ 


_ City Engineer for ae Cities of Princeton and Beckley, , W. Va. From 1915 — 


Memoir prepared by Philip Joseph Walsh, Am. 
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1917 he was engaged as City Engineer of Va, 
ia 1919 to 1923, he was City Engineer of Charleston, after which he eal 
his private | as Civil and Sanitary Engineer. F 
He organized the Bruce Construction Company, which: Company became 
extensively engaged i in the general contracting business of building roads, 


streets, and sewers. Mr. Bruce was a member of this Company at the time | of a 4 


He was a member of the American Association of Engineers, and President wi 
oft the State Board of Registration « of Engineers of West Virginia. - He was an - 
“engineer of unusual professional attainments, ever active in promoting the 


Mr Bruce ably served on many engineering committees appointed 


pee operate with various civie bodies in the handling of local 1 public problems. 7 


He: was considered one of the outstanding leaders in his profession, whose 
‘judgment was sound 0 on technical matters. va 


He possessed lovable disposition which him to all who were 

privileged to know him; his untimely passing spread universal : sorrow among 

his friends, and was a distinct loss to his profession. 

ae: Bruce was elected a an Associate — of the American Society Y ial 

Civil Engineers on April 14,1919. 


Garrett Alexander Fraser was born | on February 24, 1895, in Spokane, 
Wash. ; his boyhood home, however, was in Butte, Mont., where he lived until — 
he was seventeen years. of age and had completed high school. His mother died 
in his boyhood and a loving aunt, Margaret Gillette, gave him a 
mother’s care and in return received his sincere and constant affection. pe Vie 
ie Fraser’s schooling was” practically completed at the outbreak | of t the 
World War i in 1917, and the University of Washington at Seattle granted him 
a Bachelor of Science i in Civil Engineering degree early in that year in order 
to) permit him to prepare to enter the Army. His service r¢ record as prepared 
by the War Department the day following his death may v well be | quoted, en 
_ “Garrett Alexander Fraser was admitted to the first Reserve Officers’ Train- 
ing Camp, , Vancouver Barracks, Washington, May 15, 1917, organized a 
the provisions of Section 54, National Defense Act, ‘where he trained, as a 


civilian candidate for a commission, until the close of the camp August 14, - va 
1917, when honorably discharged. 


“He enlisted on August 15, 1917, at Vancouver Ww Tashington, 


i private in the Engineers 3 was” assigned serial number 2 439 404, and joined 


Headquarters, 316th Engineers, 91st Division, at Camp Lewis, ‘Washington. el 
He was appointed Battalion Sergeant-Major, September 13, 1917. He was in 
‘taining at the Engineers Training Camp, Camp Lee, Virginia, December 28 


Memoir prepared | by Roy E. Miller, Am. Soc. C. 


emoirs, 
— 
Wash., 
vollege, 
va 
‘nment 
1@ Was | 
1ed an 
r, the 
n fie — 
— 
ypmer 
npany. 
Valley a 
50 000 — 
il and lz 
ial 
bo 
2, Was 
Blu 
which 
ed ‘ 


Februat 


{ Memoirs, 


“1914, to March | 17, 1918, for a commission a Second 
Lieutenant, Engineers, “March 18, 1918. He continued in training at Camp the pre 
Tee, Virginia, until transferred in April, 1918, to Camp Dodge, Iowa, where he § his tal 
joined Company B, 528th Engineers, Service Battalion ; sailed with it frm § 


His 

_ the United States July 9, 1918, and served with this regiment in France, par- 2 . 

ticipating in the St. Mihiel offensive, September 12-16, 1918. He was pro- interes 

moted to First Lieutenant, Engineers, March 26, 1919. ” He returned to the | 2 mal 

United States May 30, 1919, and was honorably discharged at Hoboken, New § active 

Jersey, June 6, 1919, by reason of the demobilization of the emergency forces: ” B of nat 

On return home after demobilization Mr. Fraser | attended the Butte 

| School of Mines for a few months, later actually working in the Butte mines ‘ie 

‘in the vicinity of the School. In January, 1921, and for next eight years, 

3 


he served on the staff of the Puget Sound Bridge and Dredging Company of | 


Seattle, becoming a Vice- “President 1928. . In these years, he was Instru- 
mental in bringing to a successful conclusion many engineering g works 


general - -nature such as bridges, ‘dredging, subaqueous tunnel, and a | la 
multiple: -arch_ dam, located in different parts of the United States, Can: ada, 


7 and Mexico. At the time of his death he had but recently moved to New York os 
City ‘and had become Assistant Secretary at and Treasurer of the Metals Mining a Cl 
Shares, Incorporated, and of the “Minerals Research Corporation. is at Ch 

‘known best for having built the International Bridge across the Rio Grande Lz At 
between | Tex, and Matamoras, ‘Tamaulipas, Mexico, which y was: ] 


and opened for traffic for the Gateway Bridge ‘Company on J uly the 

ae Fraser passed through his thirty- four years ¢ of life with all the loyalty ty, i some 

--s gourage, and zest, and with all the joy and laughter that can come to ines 


th 


clean- minded men of his day and generation, , which is to say that n none was 


more blessed. He was ; saved from bodily end mental. injory. in two years of — 
‘service in France during the World ar, only to be br rought dow n toa death 
as sudden and dramatic as war itself : and yet it w was a death that one who te 

_ knew him intimately ’ realized he would accept as wholly fitting to his life and ite 

; thoughts— _ death by an instrumentality of this 1 new world in in which he lived. Sa = 
reser was” killed when the airplane in which he was a passenger 1993 
>, wl crashed in ‘taking off at Tampico, | Tamps., Mexico, on April 10, 1929. He was Hand 
en route , from the City of Mexico to Brownsville, Tex., , and was one of five in BB itime 
the plane, all of whom were killed, so that none was left to tell the true cause -aetu 


a of the crash. It is said, however, that planes were changed at Tampico, the gry 
change being hurriedly made and insufficient time being taken to properly Ww ine | a ] 
up the engine, so that after making « a height of perhaps 300 ft. the « engine failed. 
Thereupon the pilot attempted to volplane back to the aviation field and in 


banking for ‘the turn without power lost complete. control of the plane. . As in eed 

all other new lines of human endeavor, sacrifices seem necessary as a corollary. hap 

7 to the advancement of the art of flying. It is difficult to take a philosophical ; full, 

; point | of view | of this cost i in human lives to accomplish progress in the devel- B cow 


opment of the nai new ‘machines when one loses a companion and a devoted 
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1930.) “MEMOIR OF CLIFFORD “LYNDE 


Of the things | that Mr, Fraser accomplished, none was SO outstandi 
“the promise of future deeds. His life had been so largely one of preparation — 


he His dominant traits were loyalty to his associates and friends; an abiding 


interest i in all who came within his ¢ 


and and had a ‘full measure initiative and Because 
of natural modesty ¢ and because his | main interests were in another direction, © 
only a few of his companions knew that. Mr. Fraser had 3 rare mathematical 
“abil ity which amounted to almost that of a geniu us. He belonged in that branch — 
of the . Engineering Profession from which business executives are raised. ae 
My. Fraser was elected an Associate Member of American” Society y of 


Civil Engineers on March 15, 1926. 


[FFORD LY NDE, Assoe. M. Am. Soc. Be 


Clifford Lynde, the ‘son of and I E. was born 
at Chelsea, Mass., on November 16, 1884. 
After — from the Massachusetts In Institute of Technology in 1 in 1906, 4 


“the New York Board of ‘Water Supply as “Assistant Engineer, head- 
“quarters i in ‘Walden, N. ¥. . He was employed on the construction of the Cats- 
Aqueduct ‘until 1914, , when he moved to ‘Brooklyn, N. Y., where he was 
engaged on on subway | construction by the Cranford ‘Company . At the completion 

of this work, he 1 was employed for a short time by Prentice Sanger, Architect, 
returning to Walden in 1918 to make special studies for proposed new w equip- Fe - 

During this period, | Mr. . Lynde suffered an attack of influenza and, | later, 

 theumatic fever with resultant heart trouble, from which he never completely 

|= ered. _ For ‘many 1 months he made a brave struggle to regain his health and, 
effort to obtain strength, he moved to Miami, Fila., where he from 
1923 to to 1928. He established himself i in business as a Manufacturer’s Agent 
was very successful in. this venture, ‘surviving the boom and ‘deflation — 
times well as the great “hurricane, Because of failing health, he again 
returned north to spend six months in a Montelair, dis Sanitarium. 
survived until May 21, 1929, when he passed away in Walden, N.Y. ant 

Mr Lynde was married to Mildred Fowler, in “Walden, on J une 11, , 1912. b+ 
Ae i is survived by his widow, his ‘mother, and two children, Elizabeth A. .and 

fe “Chiff > will long be | aeeuatioaale by his many friends for his genial ae 
‘hanpy disposition, his unfailing optimism, and his ability to surmont cheer-— 

- fully for years the greatest of obstacles—ill health. In his passing, those who 
poaey themselves among his friends have sustained a real and genuine loss. — 

Mr ‘Lynde was elected a Ju a Junior of the American Society of Civil Engineers _ 


on December 1, 1908, and an an Associate Member on November 28, 1916. pane. + 


* * Memoir prepared by Dean G. Edwards, M. Am. Soc. C. E. Be 
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MEMOIR OF JAMES JOSEPH WALL, JR. [Meme rs, 
me pie uli J AMES JOSEPH WALL, JR., Assoc. M. Am. Soc. C. E.* ply Te rey 


James Joseph WwW all, In, the son of James Joseph Wall and Amelia Mary Mr 
“43 — was born on February 24, 1892, at Saginaw, Mich. whe “Civil 


_ After graduating from the Central High | School at ser sg Mr. 


“erete ‘Road Inspector at Wis., for the Portland Cement 


of ‘Philadelphia, Pa. _ While at Cornell, Mr. W all was active as a 2 member ¢ of 
Sigma Nu F of Fencing, and Advertising 


of the “Cornell Civil Engineer”. 


ru In April, 1917, | Mr. Wall silwnte the First Officers’, Training Camp, * of Ba 
and served during the World ‘War as ‘First Lieutenant, 
Officers’ Reserve Corps, 6th U. S. . Engineers, and : as a Captain of Engineers, — 
. 3 Ae Army, in command of of A Company, : 2d d Engineers, { Second Division, Ham 
Expeditionary Forces. He was cited ited by General Pershing and on cc 
Major General Lejeune, | of the U.S. Marine Corps, and also by General Buat, ; Desig 
the French Army, for bravery and gallantry, particularly in the rapid 


launching Ga 7 min.) of bridges, under heavy “fire, by his 3 Company over the 
Meuse River « during the night of November 10, 1918. These footbridges we were 
+ completed | ahead of schedule and resulted in the elimination of enemy machine ; 
After his discharge from the Army, Mr. Wall was employed, successively, 
_ in the Sales Department | of the Lakewood Engineering ‘Company, Cleveland, 
me Ohio, and as Engineer in charge of 1 road d grading on Route | No. 3, ss 
Pike, New Jersey. From February | to > June, 1920, his: was “Assistant Field 
_ Engineer on Irrigation Construction for the Barahona Sugar Company, Santo 
Domingo, and ‘on highway location and construction for the Dominican 
Republic. F ollowing employment on valuation work by ‘the Savage Arms 
Plant, Utica, N. and as Engineer on Concrete Road Construction | at. 
and Spring Lake, N. in 1921, Mr. Wall became Sales Representa-_ 


Pe in ‘products | promotion in 1924, he became 


Representative Crescent Portland Cement Company, with head- 


ae 7 “quarters” at “Dayton, Ohio, which position he held until shortly before his 


of A: 


- His he health failing, I Mr. Wall went to Texas, where he was engaged for a a short 


time: on work for the “Atchison, Topeka and Santa Fé Railway Company at 
‘San Angelo, Tex. | He was obliged, however, to give up his work and enter the 


 - United States Veterans Hospital at Legion, Tex., where he died of tuberculosis — 

prepared by William L. Havens, M. Am. Soc. C. 
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February, 1930.] or ‘JOSEPH LLOYD CAGNANT 


Per 
an He had an an ‘exceptionally pleasing personality which no not only made him 


popular among fellow students during his college days, but also served 
him well in his: later employment in sales" work. ‘His success as an 


‘salesman 1 was no less mar 


“JOSEPH I LLOY Jun. Am. Soe. C . E.* 


Joseph Loyd Cagnani, the second son of and Palmira Zavatoni 
/Cagnani, was born in New York, N. on J uly 15, 1904. was educated 


in that city and was graduated | in 1928 from Cooper Union, with the degree 


a Bachelor of Science in Civil Engineering. cdl 
i was during this schooling period in 1922, which consisted mainly of oi. 
erening;se -session study, that Mr. Cagnani entered the service of the Cutler- 


Hammer Manufacturing ‘Company « of New York, in the capacity of Draftsman 
on conveyor layouts. Later, in 1923, he became Estimator, Draftsman, and 
"Designer for the Harris Structural Steel Company. His unusual ability and 


persevering efforts were quickly recognized and won for him the eee oy 


Mr. Cagnani \ was intensely in mechanics, and, with the 
ment of the airplane and aeronautics, he ‘was eager to enter that field. 


with this one idea, he matriculated for post- -graduate work 


aeronautics at the Guggenheim at New ‘York University. His incli- 
nation and his conscientious application to this branch made him an excellent 
student, and, convinced of his physical and mental eligibility, he decided 


pe October, , 1998, he became a commercial pilot for the Barrett . “Airways, 


Incorporated, at Armonk, N. Y. As he 8 possessed a pedagogical turn of mind 
and a an entertaining personality, : and was also equipped v with concrete facts aa : 


principles, he succeeded, in the ‘spring ¢ of 1929, to the position | of Director 
_ of the Ground School—a - position that he filled with remarkable aptitude oll 


Subsequently, on August 2, 1929, Mr. Cagnani passed the examination 
Transport Flier, attaining the highest average ever given for tests 
_ Rejoicing in his new achievement, later « on the same > day he was flying a 
“Joy plane” with: two young friends, ‘when motor and wing defects and 
a disabilities caused him to fall: 2 500 ft. a It later appeared that he had fought 


: death calmly and coolly, ‘every foot of the “way down, the inspectors found 
with one hand on the ignition switch, to o prevent fire, and the other 


=" He died as he had lived, a gentleman ‘unafraid. “Big Joe’ ’, they called 


of him, and he was big in heart ‘and soul as well as in body. we Four qualities so 


Memoir Mra. Arthur Levin, Lazar Levin, and Charles W. E. Schroeder, 
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‘MEMOIR OF LEWIS IRVING “FLETCHER rh [Memo 8. 


to make a a _man—courage, strength, loyalty, and intelligenee—and all, four died 
Mr. Cagnani had in . abundance. d His death was a loss not only to his fr riends, lovabl 

- r. Cagnani + was elected a Junior of the American Society of Civil Engi- anit M 
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Lewis ris Irving Fletcher, Lewis E. Lucey Ellen 
Fletcher, was born n in Marlborough, Mass., , on December 7, 1865. war 
. educated in the schools of his native town and, later, attended a busines 
At the beginning of his Mr. Fle Waa in in 
‘construction for the New England Telephone and Telegraph Company, 
which he built and operated the lighting plant for the Nashua , N. H. — 7m | 
Light t Company. In 1889, he again built and operated an electric light and | 
“power r plant for the Lowell, Mass., Electric Light Corporation, 
For or a time thereafter, he at eeasiiaid in the machinery business in Boston, | 
; subsequent. to which he went to Easton, Pa., where as Chief Engineer he con- 
structed hydro- electric plant on the River for Easton and 
= Power Companies. — In 1902 and 1903 he was located at Bulls Bridge, — - = ] 
= , in connection with the power ¢ development | on the Housatonic River at ‘ 
place, ‘and in 1904 he served as Consulting Engineer the Town of 


Reston, Brom : 1905 to 1907 he was engaged as Engineer on Dam Construction 
for the American Pipe ‘and Construction Company of Philadelphia, Pa. ure! 


ing this period he built twenty- -two reservoirs and dams along the main ve | 


During 1909 and 1910, Mr. Fletcher was emplo yed with the Amburs 


Company at Rapidan, Minn., on the construction of a dam and power plant 


and with H. Byllesby and Company, of. Chicago, Ill. Later, he went to 
-Estacada, Ore., where h he finished the construction of a dam and hydro- electric — 


plant on the Clackamas River. a In 1912, he e completed dams and paper mills for 
Cornell Products Company, i in Cornell, Wis. 


He went to Kent, Ohio, i in 1918, w here he was engaged i in general contr act- 
ing business, building roads and bridges in 1 Northeastern Ohio. ‘From 1921 


7 to 1924, he served as Hydraulic Engineer and Resident Manager for J. Living- 


and Company, Inc., of New York, at Judsonia, Ark, In 1926 he 


was engaged on work for ‘the United Gas Improvement Company, at New 


Milford, —Conn., and at the time of his | death, he Was” with the Davey Com- 


* Del Mr. Fletcher’ 's sudden death at his home i in Kent was a shock to the entire 


mats He became ill as he was preparing to retire for the night and a ; 


oar * Memoir compiled from information on file at Society Headquarters. 
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930.) OF JOHN ROBERT STANTON 


emoir 8. 


7 four died in less than an hour from an internal hemorrhage. His: was a kind and 


3 


‘iends. lovable personality, a man who held the marked esteem of scores of friends 
Engi- § Mr. Fletcher was a , member ¢ of the Masonic Blue Lodge, at Nashua, ‘N. HL; 5 
the Knights Templars and Consistory, at Lowell, Mass. ; of the Shrine, at 

faz Boston, and of the Order of the Eastern | Star and the Benevolent and Pro- — 
» — Order of Elks, at Kent. 2 ‘He w was an attendant at the Christian Science 

i ele was married at Lowell, Mass., o: on October 14, 1890, to Annie A. Shedd, _ 
who, with their daughter, Mona, survives him. He is also survived by four 


me _ other, Howard, of Detroit, ‘Mich., Fred » of Marlborough, Mass., Percy, of 


shen) Mr. Fletcher was elected an Affiliate of the American Society of Civi i 


John Robert Stanton, the son of. John n and E R. born 
sel in New York, N. Y., on . September 25, 1857. He w was educated in the public 

con- schools of New York and was graduated from the School of Mines at Columbia > 

idge, Stanton’s career as a Mining Engineer was begun in 1879, in connec- 
er at ‘tion with the Atlantic Mining ‘Gein ei and the Central Mining Company <= . 
n of a Michigan. In 1890, he became Secretary-Treasurer and Director of the Wol- — 
ction -_verine Copper Mining Company, and eight years later he was elected , 
urer of the Mohawk Mining Company, of which Company he afterward became 

line President. He also acted as President and I Director of the Fort Mountain 
so Tale” ‘Company | and the White Pine Extension. Copper yer Company of Michigan. 
rsen further associations in the field of copper mining were with the Winona 
lant, ~ Copper Company and the Michigan ¢ Copper Company, during » which 1 period be 
an he was engaged in the active management of eight Lake Superior a 2 
tric Having come from a family of noted metallurgists, Mr. ‘Stanton was espe- 


3 “cially” well ‘posted « on the Lake Superior Copper Region. | His father had been ; 


rated as one of the best informed men on copper in America, and it was esti- a 
mated in 1905 that the ¢ output of the ¢ copper mines in which he was interested on 57 


reached 90000 000 Tb. per year. This fact “may account somewhat for Mr. er 


= ’s interest ‘and accurate knowledge of the business i in which he r re- 
~ mained active until 1918 when he retired on on account of poor health. He left 
York to at his home Galesville, Wis. "where he 


1876. to he was a of the old ‘Seventh . 


. Y., later serving six years as Lieutenant and four years as Captain. | 7 n 


was a life member of herons A, Seventh Regiment Veterans deculilin: em. 
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Stanton was a member ‘the following societie 
Institute. of Electrical Engineers; the Lake ‘Superior Mining | 
Institute of the American’ Association for 


the New ‘York Zoological the Horticultural Society; St 
St. An Andrew’ 2 and the Robert Burns Societies; the Huguenot Society; Sons 
of the Revolution ; the Municipal Art Society ; ; the Thomas H Hunter Associa- 
tion; | the Society Prevention c of Cruelty to Children and the Society 
for the Prevention of Cruelty to Animals. 
a _ ‘He was also active in the following clubs: The New York Yacht Club; © 
the Columbia Yacht Club; the Onigoaming Yacht ‘Club; the Union 
Club ; the Lotus Club; the Engineers | Club; the ‘Republican. Club; the Twi- 


a light and Dunwoody ‘Country Club; the Chicago Athletic and 
Niscowsbic Club, 
Mr. Stanton was married on September 4, 1899, to Helen Maud Kilmer 

oo with a sister, Mrs. J. W. Moore, of Haughton, Mich., survives | 
Mr. Stanton was s elected a Fellow of the American Society of on Engi- a 
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